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FireStar - 64-Bit CPU 
Single Chip Notebook Solution 



1.0 Features 



PCI Bus 

• PCI supports sustained X-1 -1 -1 ... bursts, even to DRAM 
through an innovative mechanism. PCI operation can be 
concurrent with CPU/L2 cache and IDE operations. 

• PCI clock generation eliminates the need for external PCI 
clock buffers in many designs and allows the PCI bus to be 
effectively power-managed. 

• 3.3V or 5.0V PCI is supported on the FireStar PCI bus. if 
FireStar is configured for 3.3V operation, 5.0V-only PCI 
plug-in cards and docking stations can still be supported 
through a bridge device such as OPTi’s 82C824 Cardbus 
Controller / Docking Solution, whose prefetch and post- 
write buffers off-load operations from the primary PCI bus. 
(Figure 1-1 illustrates the typical system architecture appli- 
cable when using the FireStar solution.) 

DRAM Controller 

• Provides BIOS with the means to automatically detect the 
DRAM type in use on each bank, whether fast page mode, 
EDO, or synchronous DRAM, allowing BIOS routines to 
efficiently program DRAM operation. 



ISA Bus 

• A full ISA bus is directly provided to support the keyboard 
controller, BIOS ROM, and Compact ISA peripheral 
devices for local ISA support with no TTL. When reduced 
ISA operation is selected, other FireStar pins become 
available for general purpose use. 

Bus Mastering IDE 

• FireStar supports two bus mastering IDE channels that 
function concurrently with operations on the CPU/L2 cache 
interface and PCI interface. Up to four drives are sup- 
ported. 

• An emulated bus mastering IDE feature allows IDE drives 
that are not commonly available as bus mastering devices, 
such as CD-ROM drives, to act as bus mastering drives. 
For example, a CD-ROM drive can transfer video data to 
DRAM while the CPU is decompressing the data and 
sending it to the graphics controller. 



Figure 1-1 FireStar System Block Diagram 
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Thermal Management 

• Fail-safe thermal management incorporates feedback 
logic that requires a very inexpensive external sensor cir- 
cuit. 

• Hardware monitors temperature directly and reliably, while 
the fail-safe aspect of the circuitry ensures that sensor 
component failure will automatically inhibit CPU clocking to 
prevent overheating. 

• SMM code will be able to read (and display if desired) 
actual CPU temperature. 

ACPI Implementation 

• Microsoft Advanced Configuration and Power Interface 
(ACPI) is being implemented in the FireStar silicon. ACPI 
is a standard register interface for power management 
function jointly developed by Microsoft®, Intel®, and 
Toshiba® 



Miscellaneous 

• The standard version of the chip can run at 3.3V, up to 
66MHz on the CPU bus. 

• A new Context Save Mode feature allows chip registers to 
be saved and restored more efficiently than ever before, 
requiring less SMM code and storage space. 

• The OPTi Viper-N+ Power Management Unit is used, 
maintaining backward compatibility down to the register 
level with previously written support firmware. 

• Serial IRQs are supported as an option for interrupts on 
PCI. 

• Known devices in the system can be positively decoded on 
the PCI bus, eliminating the delay for subtractive decode 
and improving the efficiency of ISA operations. 

• ISA bus cycle speed can be individually controlled to cer- 
tain ISA device groups. 

• Simple logic gate functions can be assigned to unused 
pins to eliminate the need for external TTL. Pin program- 
ming is far more flexible than ever possible on any other 
chip. 
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Overview 



This data book describes the next generation Pentium® solu- 
tion from the Mobile division of OPTi. The "FireStar" solution 
supports 64-bit 6x86-class CPUs and is very highly inte- 
grated, packaged in a single 432-pin BGA (Ball Grid Array). 
FireStar is intended as a low-cost yet high-performance note- 
book solution that can also be appropriate for use in certain 



desktop applications. Using FireStar in a full-featured, PCI- 
based notebook allows for designs with zero TTL. 

Figure 2-1 shows the logic modules within the functional 
blocks of FireStar. 



Figure 2-1 FireStar Logic Modules 





































Preliminary 

82C700 



3.0 Signal Definitions 

3.1 Terminology/Nomenclature Conventions 

The “#" symbol at the end of a signal name indicates that the 
active, or asserted state occurs when the signal is at a low 
voltage level. When “#” is not present after the signal name, 
the signal is asserted when at the high voltage level. 

The terms “assertion'' and “negation” are used extensively. 

This is done to avoid confusion when working with a mixture 
of “active low" and “active high" signals. The term “assert”, or 
“assertion" indicates that a signal is active, independent of 
whether that level is represented by a high or low voltage. 

The term “negate”, or “negation" indicates that a signal is 
inactive. 

Some FireStar pins have more than one function. These pins 
can be time-multiplexed, have strap options, or can be 
selected via register programming. Included in the signal 
descriptions is a column titled “Selected By" which explains 
how to implement/invoke the various functions that a pin may 
have. The terms PCIDVO, PCIDV1, and SYSCFG relate to 
registers located in the PCI and System Configuration Regis- 
ter Spaces of FireStar. Refer to Section 5.0, "Register 
Descriptions" for more details regarding these register 
spaces and their access mechanisms. 

The tables in this section use several common abbreviations. 

Table 3-1 lists the mnemonics and their meanings. Note that 
TTL/CMOS/Schmitt-trigger levels pertain to inputs only. Out- 
puts are driven at CMOS levels. 



Table 3-1 Signal Definitions Legend 



Mnemonic 


Description 


CMOS 


CMOS-level compatible 


Dcdr 


Decoder 


Ext 


External 


G 


Ground 


1 


Input 


Int 


Internal 


I/O 


Input/Output 


Mux 


Multiplexer 


O 


Output 


OD 


Open drain 


P 


Power 


PD 


Pull-down resistor 


PU 


Pull-up resistor 


S 


Schmitt-trigger 


S/T/S 


Sustain Tristate 


TTL 


TTL-level compatible 
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Figure 3-1 Pin Diagram 
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© 
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MD14 


0 
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MD1 6 


D 


E 


o 

HD35 


0 

HD36 


0 

HD37 


© 

HD38 


o 

osc 

14MHZ 


o 

HD63 


© 

5VREF 


© 

VCC 

_CPU 


© 

TAG0 


© 

DWE# 


© © 
VCC RAS0# 
DRAM 


© 

RAS1# 


• 

GND 
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MD62 


o 

MD57 
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VCC 

DRAM 
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MD48 
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MD43 
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VCC 

DRAM 
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MD34 
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RAS4# 
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MD10 


0 
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0 

MD12 
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MD1 3 


E 
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o 
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o 
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o 
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o 

HD33 
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HD34 
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GND 
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GND 


• 

GND 
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GND 
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o 
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o 
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o 
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o 

MD9 




G 


o 

HD26 


o 

HD27 


o 

HD28 


© 

HD29 


© 

vcc 

_CPU 
































o 

MD0 


o 

MD1 


o 

MD2 


o 

MD3 


o 

MD4 




H 


o 

HD21 


o 

HD22 


o 

HD23 


o 

HD24 


o 

HD2S 
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SPKR 

OUT 
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© 
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GD 


H 


J 


o 
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HD17 


0 

HD18 
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© 

HD20 
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DACK 

6#/F# 


© 

DACK 

7#/G# 


© 
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HD12 
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0 
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© 

VCC 
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DACK 
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3#/D# 


© 

DACK 

5#/E# 


K 


L 


o 

HD7 


o 
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o 
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o 
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© 

HD11 
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VCC 

JSA 


© 

DRQ 

3/D 


© 

DRQ 

5/E 
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DRQ 

6/F 


© 

DRQ 

7/G 
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o 

HD3 
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CPU- 
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A 
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a 
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© 

SA0 


© 

DRQ 

0/A 
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1/B 
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2/C 
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WR# 
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Multiplexed Signal - Refer to Table 3-2 
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JSA 
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SA1 9 
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© 

SA16 


U 


V 
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o 
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o 

BE6# 


o 

BE7# 


o 

ADS# 
































© 

SMWR# 


© 

SA23 


© 

SA22 


© 

SA21 


© 

SA20 


V 


w 


o 

BE0# 


o 

BE1# 


o 

BE2# 


o 

BE3# 


© 

VCC 

_CPU 
































© 

BALE 


© 

1016# 


© 

Ml 6# 


© 

SBHE# 


© 

SMRD# 


w 


Y 


o 

HA6 


o 

HA5 


o 

HA4 


o 

HA3 


o 

M/IO# 
































© 

VCC 

ISA 


© 

XD3 


© 

XD2 


© 

XD1 


© 

XDO 


Y 


AA 


o 

HA1 0 


© 

HA9 


o 

HA8 


o 

HA7 


© 

W/R# 


+ 

GND 












• 

GND 


+ 

GND 














+ 

GND 


© 

AT CLK 


© 

XD7 


© 

XD6 


© 

XD5 


© 

XD4 


AA 


AB 


o 

HA14 


o 

HA13 


o 

HA12 


o 

HA11 


© 

TMS 


© 
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CLKIN 


© 

VCC 

_PCI 


o 
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© 
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© 

vcc 
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© © 
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• 

GND 


o 
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© 
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_PCI 


© 

GNT1# 
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© 

VCC 

CORE 
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5VREF 


© 
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10/G 


© 

MWR# 


© 
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© 

IOW# 


o 

IOCH- 

RDY 


AB 


AC 


o 

HA1 7 


o 

HA16 


o 

HA15 


o 

HA27 


o 

HA31 


o 

IGERR# 


o 

AD30 


o 

AD25 


© 

AD21 


o 

AD17 


O 0 

AD13 AD9 


o 

AD5 


o 

ADI 


o 

C/BE1# 


© 

STOP# 


© 

CPAR 


© 

GNT3# 


o 

IRQ 

3/A 


© 

SEL #/ 
ATB# 


o 

IRQ 

11/H 


© 

SD1 5 


© 

PPWRL 


o 

RESET 

# 


© 

RST 

DRV 


© 

MRD# 


AC 


AD 


o 

HA1 9 


o 

HA18 


o 

HA24 


o 

HA28 


o 

NMi 


o 
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© 
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SMI# 


o 

STP 

CLK# 


o 

AD28 


o 

AD23 


© 
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AD3 


o 
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o 

PERR# 


© 
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SER 
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IRQ 
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© 

IRQ8# 


© 

IRQ14 


© 

SD1 3 


© 

SD1 0 


© 

SD8 


© 

SD4 


© 

SD3 


AE 


AF 


o 

HA21 


o 

HA23 


o 

HA26 


o 
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o 
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o 

AD31 


o 
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AD 22 
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o o 
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Note: *ln FireStar ACPI pin A7 becomes SDCKE, where as in the non-ACPI version it is reserved. However, in both versions pin A7 is still 
used as part of the input address for the NAND tree test mode. 
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Table 3-2 Alphabetical Pin Cross-Reference List 



Signal Name 



A20M# 



ADO 



Pin Pin Pwr 
No. Type Plane 



AD25 



AD26 



AD27 



AD28 



AD29 



AD30 



AD31 



ADS# 



ADSC#+PI02 



ADV#+PI03 



AEN+PPWR11 



AHOLD 



ATCLK+PCICLK4 



BALE+PCICLK5 



BEO# 



BE1# 



BE2# 



BE3# 



BE4# 



BE5# 



BE6# 



BE7# 



BOFF# 



BRDY# 



BWE# 



CACHE# 



Signal Name 



CACS#+DIRTY 



CAS0#+SDDQM0# 



CAS1#+SDDQM1# 



CAS2#+SDDQM2# 



CAS3#+SDDQM3# 



CAS4#+SDDQM4# 



CAS5#+SDDQM5# 



CAS6#+SDDQM6# 



CAS7#+SDDQM7# 



C/BEO# 



C/BE1# 



C/BE2# 



C/BE3# 



CDOE#+PIOO 



CLKRUN#+PI06 



CM D#+D I RTY+PCI CLK3 



CPAR 



CPUCLKIN 



CPUINIT 



CPURST+RSMRST 



D/C# 



DACKO#/DACKA#+ 

PPWR4 



DACK1#/DACKB#+ 

PPWR5 



DACK2#/DACKC#+ 

PPWR6 



DACK3#/DACKD#+ 

PPWR7 



DACK5#/DACKE#+ 

PPWR13 



DACK6#/DACKF#+ 

PPWR14 



DACK7#/DACKG#+ 

PPWR15 



DBEW#+IDE1_DACK#+ 

DWR# 



DDRQ0+PIO9 



DEVSEL# 



DRQ0/DRQA+PIO25 



DRQ1/DRQB+PI026 



D RQ2/D RQC+P 1027 



D RQ3/D RQD+P 1028 



DRQ5/DRQE+PI029 



D RQ6/D RQF+P 1030 



DRQ7/DRQG+PI031 



DWE#+SDWE# 



EADS#+WB/WT# 



FERR# 



FRAME# 



GND 



GND 



GND 



GND 



Pin Pin 
No. Type 







CPU 


BIO 


O 


DRAM 


CIO 


O 


DRAM 


DIO 


O 


DRAM 


All 


O 


DRAM 


B11 


O 


DRAM 


C11 


O 


DRAM 


Dll 


O 


DRAM 


A12 


O 


DRAM 




PCI 


AC15 




PCI 


AF14 




PCI 


AE14 




PCI 


PI 


o 


CPU 


AF16 




PCI 


W331BBSH 


ISA 


AC17 




PCI 


M5 


1 


CPU 




o 


CPU 


R1 


o 


CPU 


T3 


1 


CPU 


K22 


o 


ISA 


K23 


o 


ISA 


K24 


o 


ISA 


K25 


o 


ISA 


K26 


o 


ISA 


J22 


o 


ISA 


J23 


o 


ISA 


H24 


o 


ISA 


H25 


|Q 


ISA 


AF15 




PCI 


M24 




ISA 


M25 




ISA 


M26 




ISA 


L23 




ISA 


L24 




ISA 


L25 




ISA 


L26 




ISA 


E10 


o 


DRAM 


T4 


o 


CPU 


T1 


1 


CPU 




PCI 


AA6 


El 




AA13 


El 




AA14 






AA21 


mm 





Signal Name 



GND 



GND 



GND 



GND 



GND 



GND 



GND 



GND 



GND 



GND 



GND 



GND 



GNTO# 



GNT1#+PCICLK1 



GNT2#+PCICLK2 



GNT3# 



GWE#+RAS5# 



HA3 



Pin Pin Pwr 
No. Type Plane 
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Table 3-2 Alphabetical Pin Cross-Reference List (cont.) 



Signal Name 



Pin Pwr 
Type Plane 




Signal Name 



Pin Pin 
No. Type 




IRQ7/IRQE 



IRQ8#+P lOII 



IRQ9/IRQF 



IRQ10/IRQG 



IRQ11/IRQH 



IRQ12+PI012 



IRQ14+PI013 



IRQ15+SIN# 




Signal Name 



Pin Pin Pwr 
No. Type Plane 
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Table 3-2 Alphabetical Pin Cross-Reference List (cont.) 



Signal Name 


Pin 

No. 


Pin 

Type 


Pwr 

Plane 


MD59 








MD60 






DRAM 


MD61 


A16 




DRAM 


MD62 


El 5 




DRAM 


MD63 


D15 




DRAM 


M RD#+I DE 1 DCS3# 


AC26 




ISA 


MWR#+IDE1_DCS1# 






ISA 


NA# 


mm 


O 


CPU 


NMI 


AD5 


O 


CPU 


OSC 1 4M HZ 


E5 


1 


CPU 


OSC32 


C7 


1 


CPU 


PCICLK0 




O 


PCI 


PCICLKIN 




1 


CPU 


PERR# 






PCI 


PLOCK# 


AE15 




PCI 


PPWRL+PPWR0# 


AC23 




ISA 


PWRGD 


H26 


1 


ISA 


RAS0#+SDCS0# 


El 2 


O 


DRAM 


RAS1#+SDCS1#+PI05 


El 3 


O 


DRAM 


R AS2#+S DCS2#+P 1 04 




O 


DRAM 


RAS3#+SDCS3#+MA1 2 


Cl 2 


O 


DRAM 


RAS4#+MA12 


E22 


O 


DRAM 


RFSH#+PPWR12 


J25 




ISA 


REQ0# 


AF1 7 


1 


PCI 


REQ1#+PI07 


AB1 8 




PCI 


REQ2#+PI08 






PCI 


REQ3# 




1 


PCI 


RESET# 


AC24 


O 


ISA 


R0MCS#+PI023+ 

ROMCS#/KBDCS# 


J24 


I/O 


ISA 


RSTDRV+PIOI 5 


AC25 




ISA 


RTCAS+IDE1DA0 


N24 




ISA 


RTCRD#+IDE1_DA1 


N25 




ISA 


RTCWR#+IDE1_DA2 


N26 




ISA 


SA0+IDE1DD0 


N23 




ISA 


SA1+IDE1DD1 






ISA 


SA2+IDE1DD2 


P26 




ISA 


SA3+IDE1DD3 


P25 




ISA 


SA4+IDE1DD4 


P24 




ISA 


SA5+IDE1DD5 


P23 




ISA 


SA6+IDE1DD6 


R26 




ISA 


SA7+IDE1DD7 






ISA 


SA8+IDE1DD8 


R24 




ISA 


SA9+IDE1DD9 


R23 




ISA 


SA10+IDE1DD10 


R22 




ISA 


SA11+IDE1_DD11 


T26 




ISA 


SA12+IDE1DD12 


T25 




ISA 


SA13+IDE1 DD13 






ISA 


SA14+IDE1DD14 


T23 




ISA 


SA15+IDE1DD15 


T22 




ISA 


SA16+PI016 


U26 




ISA 


SA17+PI017 


U25 




ISA 



Signal Name 


Pin 

No. 


Pin 

Type 


Pwr 

Plane 


SA18+PPWR8 






ISA 


SA19+PPWR9 


U23 




ISA 


SA20+PPWR0 


V26 




ISA 


SA21+PPWR1 


V2S 




ISA 


SA22+PPWR2 


V24 




ISA 


SA23+PPWR3 


V23 




ISA 


SBHE#+PIO20 


W25 




ISA 


SD0+MAD0 






ISA 


SD1+MAD1 


AD25 




ISA 


SD2+MAD2 


AD24 




ISA 


SD3+MAD3 






ISA 


SD4+MAD4 


AE25 




ISA 


SD5+MAD5 


AF26 




ISA 


SD6+MAD6 


AF25 




ISA 


SD7+MAD7 


AF24 




ISA 


SD8+MAD8 


AE24 




ISA 


SD9+MAD9 


AF23 




ISA 


SD10+MAD10 


AE23 




ISA 


SD11+MAD11 


AD23 




ISA 


SD12+MAD12 


WM-Xj 




ISA 


SD13+MAD13 






ISA 


SD14+MAD14 


AD22 




ISA 


SD15+MAD15 


AC22 




ISA 


SDCAS# 


A8 


O 


DRAM 


SDRAS# 


D7 


El 


DRAM 


SEL#/ATB#+SDCKE+ 

PI014 


AC20 






SERR# 


ADI 7 




PCI 


SMI# 


AE5 


o 


CPU 


SMIACT# 


U1 


1 


CPU 


SMRD#+PI021 


W26 




ISA 


SMWR#+PI022 


V22 




ISA 


SPKOUT 


H23 




ISA 


STOP# 


AC16 




PCI 


STPCLK# 


AE6 


o 


CPU 


TAG0+CAS0# 


E9 


mi 


DRAM 


T AG 1 +C A S 1 #+STA RT# 


D9 




DRAM 


TAG2+CAS2#+START# 


C9 




DRAM 


TAG3+CAS3#+SBOFF# 


B9 




DRAM 


TAG4+CAS4#+SDCKE 


A9 




DRAM 


TAG5+CAS5#+DWE# 


D8 




DRAM 


TAG6+CAS6#+SDCAS# 


C8 




DRAM 


TAG 7+C AS7#+S D R AS # 


B8 




DRAM 


TAGWE#+PI01 


A10 


o 


DRAM 


TC+PPWR1 0 


M23 




ISA 


RSVD 


B7 


i 


CPU 


SDCKE 


A7 


o 


CPU 


TMS 






CPU 


TRDY# 






PCI 


VCCCORE 


H22 


p 




VCCCORE 


K5 


p 




VCCCORE 


AB19 


p 





Signal Name 


Pin 

No. 


Pin 

Type 


Pwr 

Plane 


VCCJ3PU 


■3 


P 




VCCJ3PU 


G5 


P 




VCC_CPU 


T5 


P 




VCC_CPU 


W5 


P 




VCCDRAM 


Ell 


P 




VCCDRAM 


El 7 


P 




VCCDRAM 


E20 


P 




VCCJSA 


L22 


P 




VCCJSA 


U22 


P 




VCCJSA 


Y22 


P 




VCC_PCI 


AB7 


P 




VCC_PCI 


AB1 0 


P 




VCC_PCI 


E30 


P 




W/R#+INV 


AA5 


mg 


CPU 


XD0+IDEDWR# 


Y26 




ISA 


XD1+IDE DRD# 


Y25 




ISA 


XD2+IDEDA0 


Y24 




ISA 


XD3+IDEDA1 


Y23 




ISA 


XD4+IDEDA2 






ISA 


XD5+IDEDDACK# 


AA25 




ISA 


XD6+IDE_DCS1# 


AA24 




ISA 


XD7+IDEDCS3# 


AA23 




ISA 


5VREF 


AB21 


P 




5VREF 


E7 


P 





Power Plane Key: 

CORE = 3.3V Only 

CPU = 3.3V (and 2.5V in future revisions) 
DRAM = 3.3V or 5.0V 
ISA = 3.3V or 5.0V 
PCI = 3.3V or 5.0V 



Note: The pins listed below are 5.0V tolerant 
inputs, even when their power plane is 
connected to 3.3V as long as the 
5VREF pins of Fire Star are connected 
to +5.0V: 

OSC32 

OSC_1 4MHZ 

CACS#+DIRTY 

PCICLK 

IRQ A 

IRQB 

IRQC 

IRQD 

IRQ1 
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Preliminary 

82C700 



3.2 Signal Descriptions 



3.2.1 CPU Interface Signals Set 



Signal Name 


Pin No. 


Signal Type 
(Drive) 


Selected 

By 


Signal Description 


Host Data Bus 


HD[63:0] 


Refer to Table 
3-2 


I/O 

(4mA) 




Host Data Bus Lines 63 through 0: Provides a 64- 
bit data path to the CPU. 


CPU Address 


HA[31:3] 


Refer to Table 
3-2 


I/O 

(4mA) 




Host Address Bus Lines 31 through 3: HA[31:3] 
are the address lines of the CPU bus. H A[31 :3] are 
connected to CPU lines A[31 :3], Along with the byte 
enable signals, HA[31 :3] define the physical area of 
memory or I/O being accessed. 

During CPU cycles, the HA[31 :3] lines are inputs. 
They are used for address decoding and second 
level cache tag lookup sequences. 

During inquire cycles, the HA[31 :5] lines are outputs 
to the CPU to snoop the first level cache tags. They 
also are outputs to the L2 cache. 


BE[7:0]# 


V4:V1 , 
W4:W1 


1 




Byte Enables 7 through 0: Selects the active byte 
lanes on HD[63:0], 


NMI 


AD5 

Strap option 
pin, refer to 
Table 3-7 


O 

(4mA) 




Non-Maskable Interrupt: This signal is activated 
when a parity error from a local memory read is 
detected or when the IOCHK# signal from the ISA 
bus is asserted and the corresponding control bit in 
Port B is also enabled. 


INTR 


AF5 

Strap option 
pin, refer to 
Table 3-7 


O 

(4mA) 




Interrupt Request: INTR is driven to signal the CPU 
that an interrupt request is pending and needs to be 
serviced. The interrupt controller must be pro- 
grammed following a reset to ensure that INTR is at 
a known state. 


FERR# 


T 1 


1 




Floating Point Coprocessor Error: This input 
causes two operations to occur. 1 RQ1 3 is triggered 
and IGERR# is enabled. An I/O write to Port FOh will 
set IGERR# low when FERR# is low. 


IGERR# 


AC6 

Strap option 
pin, refer to 
Table 3-7 


I/O 

(4mA) 




Ignore Coprocessor Error: Normally high, IGERR# 
will go low after FERR# goes low and an I/O write to 
Port OFOh occurs. When FERR# goes high, IGERR# 
is driven high. 


CPU Control/Status 


CPUINIT 


AD6 


O 




CPU Initialize: A shutdown cycle or a low-to-high 
transition of I/O Port 092h bit 0 will trigger CPUINIT. 
If keyboard emulation is enabled (default), a 
CPUINIT will be generated when a Port 064h write 
cycle with data FEh is decoded. If keyboard emula- 
tion has been disabled, then this signal will be trig- 
gered when it sees the KBRST from the keyboard. 
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Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



M/IO# 


Y5 


1 




Memory/Input-Output: M/IO#, D/C#, and W/R# 
define CPU bus cycles. Interrupt acknowledge 
cycles are forwarded to the PCI bus as PCI interrupt 
acknowledge cycles. All I/O cycles and any memory 
cycles that are not directed to memory controlled by 
the DRAM interface are forwarded to PCI. 


D/C# 


T3 


1 




Data/Control: D/C#, M/IO#, and W/R# define CPU 
bus cycles. (See M/IO# definition above.) 


W/R# 


AA5 


I/O 

(4mA) 


Cycle 

Multiplexed 


Write/Read: W/R#, D/C#, and M/IO# define CPU 
bus cycles. (See M/IO# definition above.) 


INV 




0 

(4 mA) 




Invalidate: Pin AA5 also serves as an output signal 
and is used as INV for LI cache during an inquire 
cycle. 


ADS# 


V5 


1 




Address Strobe: The CPU asserts ADS# to indi- 
cate that a new bus cycle is beginning. ADS# is 
driven active in the same clock as the address, byte 
enables, and cycle definition signals. 

ADS# has an internal pull-up resistor that is disabled 
when the system is in the Suspend mode. 


BRDY# 


U5 


O 

(4mA) 




Burst Ready: BRDY# indicates that the system has 
responded in one of three ways: 

1) Valid data has been placed on the CPU data bus 
in response to a read, 

2) CPU write data has been accepted by the sys- 
tem, or 

3) the system has responded to a special cycle. 


NA# 


U4 


O 

(4 mA) 




Next Address: This signal is connected to the 
CPU's NA# pin to request pipelined addressing for 
local memory cycle. FireStar asserts NA# for one 
clock when the system is ready to accept a new 
address from the CPU, even if all data transfers for 
the current cycle have not completed. 


KEN# 


R2 


0 

(4 mA) 




Cache Enable: This pin is connected to the KEN# 
input of the CPU and is used to determine whether 
the current cycle is cacheable. 


EADS# 


T4 


0 

(4 mA) 


Cycle 

Multiplexed 


External Address Strobe: This output indicates 
that a valid address has been driven onto the CPU 
address bus by an external device. This address will 
be used to perform an internal cache inquiry cycle 
when the CPU samples EADS# active. 


WB/WT# 








Writeback/Write-Through: Pin T4 is also used to 
control writeback or write-through policy for the pri- 
mary cache during CPU cycles. 


HUM# 


R4 


1 




Hit Modified: Indicates that the CPU has had a hit 
on a modified line in its internal cache during an 
inquire cycle. It is used to prepare for writeback. 

















































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



CACHE# 


T2 


1 




Cacheability: This input is connected to the 
CACHE# pin of the CPU. It goes active during a 
CPU initiated cycle to indicate when, an internal 
cacheable read cycle or a burst writeback cycle, 
occurs. 


AHOLD 


U3 


0 

(4mA) 




Address Hold: This signal is used to tristate the 
CPU address bus for internal cache snooping. 


LOCK# 


U2 


1 




CPU Bus Lock: The processor asserts LOCK# to 
indicate the current bus cycle is locked. It is used to 
generate PLOCK# for the PCI bus. 

LOCK# has an internal pull-down resistor that is 
engaged when HLDA is active. 


BOFF# 


R5 

Strap option 
pin, refer to 
Table 3-7 


0 

(4mA) 




Back-off: This pin is connected to the BOFF# input 
of the CPU. 


CPURST 


R1 


0 

(4mA) 


(Always) 


CPU Reset: This signal generates a hard reset to 
the CPU whenever the PWRGD input goes active. 


RSMRST 


SYSCFG 
ADh[5] = 1 


Resume Reset: Generates a hard reset to the CPU 
on resuming from Suspend mode. 


Host Power Control 


SMI# 


AES 


0 

(4mA) 




System Management Interrupt: This signal is used 
to request System Management Mode (SMM) oper- 
ation. 


SMIACT# 


U1 


1 




System Management Interrupt Active: The CPU 

asserts SMIACT# in response to the SMI# signal to 
indicate that it is operating in System Management 
Mode (SMM). 


STPCLK# 


AE6 


0 

(4 mA) 




Stop Clock: This signal is connected to the STP- 
CLK# input of the CPU. It causes the CPU to get into 
the STPGNT# state. 


L2 Cache Control 


CDOE# 


PI 


0 

(4mA) 


PCIDV1 
80h = OOh 


Cache Output Enable: This signal is connected to 
the output enables of the SRAMs of the L2 cache in 
both banks to enable data read. 


PIOO 


PCIDV1 

80h*00h 


Programmable Input/Output 0: Due to the critical 
timing required for the functionality of this pin, it can 
be programmed only as an output. 

See Section 3.3, "Programmable I/O Pins", on page 
33 for more details. 
















































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



CACS# 


P3 


0 

(4mA) 


See SYSCFG 
1 6h[7,5] bit 
descriptions on 
page 266 


Cache Chip Select: This pin is connected to the 
chip selects of the SRAMs in the L2 cache to enable 
data read/write operations. If not used, the CS# lines 
of the cache should be tied low. 


DIRTY 


I/O 

(4 mA) 


Tag Dirty Bit: This separate dirty bit allows the tag 
data to be 8 bits wide instead of 7. 

DIRTY is a 5.0V tolerant input, even when its power 
plane is connected to 3.3V as long as the 5VREF 
pins of FireStar are connected to +5.0V. 


BWE# 


P4 


0 

(4mA) 




Byte Write Enable: Write command to L2 cache 
indicating that only bytes selected by BE[7:0]# will 
be written. 


GWE# 


N1 


0 

(4 mA) 


SYSCFG 
1 9h[7] = 0 


Global Write Enable: Write command to L2 cache 
indicating that all bytes will be written. 


RAS5# 


SYSCFG 
1 9h[7] = 1 


Row Address Strobe Bit 5: Each RAS# signal cor- 
responds to a unique DRAM bank. Depending on 
the kind of DRAM modules being used, this signal 
may or may not need to be buffered externally. This 
signal, however, should be connected to the corre- 
sponding DRAM RAS# line through a damping 
resistor. 


TAGO 


E9 


I/O 

(4mA) 


SYSCFG 
11 h[3] = 0 


Tag RAM Data Bit 0: This input signal becomes an 
output whenever TAGWE# is activated to write a 
new tag to the Tag RAM. 


CASO# 


O 

(4mA) 


SYSCFG 
11 h[3] = 1 


Column Address Strobe Bit 0 (2nd copy) 


TAG1 


D9 


I/O 

(4mA) 


SYSCFG 
00h[5] = 0 
11 h[3] = 0 


Tag RAM Data Bit 1: This input signal becomes an 
output whenever TAGWE# is activated to write a 
new tag to the Tag RAM. 


CAS1# 


0 

(4mA) 


SYSCFG 
11 h[3] = 1 


Column Address Strobe Bit 1 (2nd copy) 


START# 


0 

(4mA) 


SYSCFG 
00h[5] = 1 


Start: If using the Sony cache module, then this pin 
is connected to the START# output from the Sony 
SONIC2-WP module. 

If using the Sony cache module, then TAG1 and 
TAG2 are connected to the START# output from the 
module and TAG3 is connected to the BOFF# output 
from the module. The remaining TAG bits are 
unused. 




















































Signal Name 


Pin No. 


Signal Type 
(Drive) 


Selected 

By 


Signal Description 


TAG2 


C9 


I/O 

(4mA) 


SYSCFG 
00h[5] = 0 
11 h[3] = 0 


Tag RAM Data Bit 2: This input signal becomes an 
output whenever TAGWE# is activated to write a 
new tag to the Tag RAM. 


CAS2# 




0 

(4 mA) 


SYSCFG 
1 1 h[3] = 1 


Column Address Strobe Bit 2 (2nd copy) 


START# 




0 

(4mA) 


SYSCFG 
00h[5] = 1 


Start: If using the Sony cache module, then this pin 
is connected to the START# output from the Sony 
S0NIC2-WP module. 










If using the Sony cache module, then TAG1 and 
TAG2 are connected to the START# output from the 
module and TAG3 is connected to the BOFF# output 
from the module. The remaining TAG bits are 
unused 


TAG3 


B9 


I/O 

(4mA) 


SYSCFG 
00h[5] = 0 
1 1 h[3] = 0 


Tag RAM Data Bit 3: This input signal becomes an 
output whenever TAGWE# is activated to write a 
new tag to the Tag RAM. 


CAS3# 




0 

(4mA) 


SYSCFG 
1 1 h[3] = 1 


Column Address Strobe Bit 3 (2nd copy) 


SBOFF# 




0 

(4mA) 


SYSCFG 
00h[5] = 1 


Sony Back-off: For use with Sony SONIC-2WP 
cache module. 


TAG4 


A9 


I/O 

(4mA) 


SYSCFG 
11 h[3] = 0 


Tag RAM Data Bit 4: This input signal becomes an 
output whenever TAGWE# is activated to write a 
new tag to the Tag RAM. 


CAS4# 




0 

(4mA) 


SYSCFG 
11 h[3] = 1 


Column Address Strobe Bit 4 (2nd copy) 


SDCKE 






PCIDV1 
53h[7] = 1 


SDRAM Clock Enable: This signal is asserted to 
put the SDRAM into a “Stop” state. The BIOS can 
program Fi reStar to assert this signal only in Sus- 
pend mode. 


TAG 5 


D8 


I/O 

(4mA) 


SYSCFG 
1 1 h[3] = 0 


Tag RAM Data Bit 5: This input signal becomes an 
output whenever TAGWE# is activated to write a 
new tag to the Tag RAM. 


CAS5# 




0 

(4 mA) 


SYSCFG 
11 h[3] = 1 


Column Address Strobe Bit 5 (2nd copy) 


DWE# 




0 

(4 mA) 


PCIDV1 
53 h [7] = 1 


DRAM Write Enable (2nd copy) 


TAG 6 


C8 


I/O 

(4mA) 


SYSCFG 
11 h[3] = 0 


Tag RAM Data Bit 6: This input signal becomes an 
output whenever TAGWE# is activated to write a 
new tag to the Tag RAM. 


CAS6# 




0 

(4mA) 


SYSCFG 
1 1 h[3] = 1 


Column Address Strobe Bit 6 (2nd copy) 


SDCAS# 




0 

(4mA) 


PCIDV1 
53h[7] = 1 


SDRAM Column Address Strobe (2nd copy) 










































































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



TAG7 


B8 


I/O 

(4mA) 


SYSCFG 
11 h[3] = 0 


Tag RAM Data Bit 7: This input signal becomes an 
output whenever TAGWE# is activated to write a 
new tag to the Tag RAM. 


CAS7# 


0 

(4 mA) 


SYSCFG 
11 h[3] = 1 


Column Address Strobe Bit 7 (2nd copy) 


SDRAS# 


0 

(4mA) 


PCIDV1 
53h[7] = 1 


SDRAM Row Address Strobe (2nd copy) 


TAGWE# 


A10 


0 

(4mA) 


PCIDV1 
81 h = OOh 


Tag RAM Write Enable: This control strobe is used 
to update the Tag RAM with the valid tag of the new 
cache line that replaces the current one during 
external cache read miss cycles. 


PIOI 


PCIDV1 
81 h* OOh 


Programmable Input/Output 1 : Due to the critical 
timing required for the functionality of this pin, it can 
be programmed only as an output. 

See Section 3.3, "Programmable I/O Pins", on page 
33 for more details. 


ADSC# 


P5 


0 

(4mA) 


PCIDV1 
82h = OOh 


Controller Address Strobe: For a synchronous L2 
cache operation, this pin is connected to the ADSC# 
input of the synchronous SRAMs. 


PI02 


PCIDV1 
82h * OOh 


Programmable Input/Output 2: Due to the critical 
timing required for the functionality of this pin, it can 
be programmed only as an output. 

See Section 3.3, "Programmable I/O Pins", on page 
33 for more details. 


ADV# 


P2 


O 

(4mA) 


PCIDV1 
83h = OOh 


Advance Output: For synchronous cache L2 opera- 
tion, this pin becomes the advance output and is 
connected to the ADV# input of the synchronous 
SRAMs. 


PI03 


PCIDV1 

83h*00h 


Programmable Input/Output 3: Due to the critical 
timing required for the functionality of this pin, it can 
be programmed only as an output. 

See Section 3.3, "Programmable I/O Pins", on page 
33 for more details. 















































Preliminary 

82C700 



3.2.2 DRAM and PCI Interface Signals Set 



Signal Name 


Pin No. 


Signal Type 
(Drive) 


Selected 

By 


Signal Description 


DRAM Interface 


RASO# 


E12 


0 

(8/1 2 mA) 


Cycle 

Multiplexed 


Row Address Strobe 0: Each RAS# signal corre- 
sponds to a unique DRAM bank. Depending on the 
kind of DRAM modules being used, this signal may 
or may not need to be buffered externally. This sig- 
nal, however, should be connected to the corre- 
sponding DRAM RAS# line through a damping 
resistor. 


SDCSO# 


SDRAM Chip Select Line 0: Each SDCS# output 
corresponds to a unique SDRAM Bank. When 
active, the SDRAM will accept the command from 
FireStar. These outputs must be connected to the 
SDRAM banks through a damping resistor. 


RAS1# 


E13 


0 

(8/1 2mA) 


Cycle 

Multiplexed if 
PCIDV1 
85h = 00 h 


Row Address Strobe 1 : Refer to RASO# signal 
description. 


SDCS1# 


SDRAM Chip Select Line 1 : Refer to SDCSO# 
description. 


PI05 


PCIDV1 

85h*00h 


Programmable Input/Output 5: Due to the critical 
timing required for the functionality of this pin, it can 
be programmed only as an output. 

See Section 3.3, "Programmable I/O Pins", on page 
33 for more details. 


RAS2# 


B12 


0 

(8/1 2mA) 


Cycle 

Multiplexed if 
PCIDV1 
84h = 00 h 


Row Address Strobe 2: Refer to RASO# signal 
description. 


SDCS2# 


SDRAM Chip Select Line 2: Refer to SDCSO# 
description. 


PI04 


PCIDV1 

84h*00h 


Programmable Input/Output 4: Due to the critical 
timing required for the functionality of this pin, it can 
be programmed only as an output. 

See Section 3.3, "Programmable I/O Pins", on page 
33 for more details. 


RAS3# 


C12 


0 

(8/1 2mA) 


Cycle 

Multiplexed 


Row Address Strobe 3: Refer to RASO# signal 
description. 


SDCS3# 


SDRAM Chip Select Line 3: Refer to SDCSO# 
description. 


MA12 


PCIDV1 
53h[6:5] = 01 


Memory Address Bus Line 12 


RAS4# 


E22 


0 

(8/1 2mA) 


SYSCFG 
1 9h[3] = 1 


Row Address Strobe 4 (primary copy): Refer to 
RASO# signal description. 


MA12 


SYSCFG 
1 9h[3] = 1 
PCIDV1 
53h[6:5] = 10 


Memory Address Bus Line 12 
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Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



CAS[7:0]# 


A12, 
Dll, 
Cl 1 , 
B11, 
All, 
DIO, 
CIO, 
BIO 


0 

(8mA) 


Cycle 

Multiplexed 


Column Address Strobe Lines 7 through 0 (pri- 
mary copies): The CAS[7:0]# outputs correspond to 
the eight bytes for each DRAM bank. Each DRAM 
bank has a 64-bit data bus. These signals are typi- 
cally connected directly to the DRAM’s CAS# inputs 
through a damping resistor. 


SDDQM[7:0]# 


SDRAM Data Mask Control Bits 7 through 0: Dur- 
ing SDRAM read cycles, these outputs control 
whether the DRAM output buffers are driven on the 
MD bus or not. 

During SDRAM write cycles, these outputs control 
whether or not MD data will be written into the mem- 
ory device. 


SDCAS# 


A8 


0 




SDRAM Column Address Strobe (primary copy): 

This output is part of the SDRAM command combi- 
nation. This pin should be connected to the SDRAM 
through a damping resistor. 


SDRAS# 


D7 


0 




SDRAM Row Address Strobe (primary copy): 

This output is part of the SDRAM command combi- 
nation. This pin should be connected to the SDRAM 
through a damping resistor. 


DWE# 


El 0 


O 

(8mA) 


Cycle 

Multiplexed 


DRAM Write Enable (primary copy): This signal is 
the common write enable for all 64 bits of DRAM if 
either fast page mode or EDO DRAMs are used. 
This signal can be buffered externally before con- 
nection to the WE# input of the DRAMs. 


SDWE# 


SDRAM Write Enable: This output is the write 
enable signal for SDRAM. 


MA[11:0] 


Refer to Table 
3-2 


0 

(8/1 2mA) 




Memory Address Bus Lines 11 through 0: Multi- 
plexed row/column address lines to the DRAMs. 
Depending on the kind of DRAM modules being 
used, these signals may or may not need to be buff- 
ered externally. MAI 2 is optionally available instead 
of RAS3# or RAS4#. 


MD[63:32] 


Refer to Table 
3-2 


I/O 

(4mA) 




Higher Order Memory Data Bus: These pins are 
connected directly to the higher order DRAM data 
bus. 


MD[31 :0] 


Refer to Table 
3-2 


I/O 

(4 mA) 




Lower Order Memory Data Bus: These pins are 
connected directly to the lower order DRAM data 
bus. 


PCI Bus Interface 


AD[31:0] 


Refer to Table 
3-2 


I/O 

(PCI) 




PCI Address and Data: AD[31:0] are bidirectional 
address and data lines for the PCI bus. The 
AD[31 :0] signals sample or drive the address and 
data on the PCI bus. 

















































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



C/BE[3:0]# 


■ 


I/O 

(PCI) 




PCI Bus Command and Byte Enables: During the 
address phase of a transaction, C/BE[3:0]# define 
the PCI command. During the data phase, 
C/BE[3:0]# are used as the PCI byte enables. The 
PCI commands indicate the current cycle type, and 
the PCI byte enables indicate which byte lanes carry 
meaningful data. FireStar drives C/BE[3:0]# as an 
initiator of a PCI bus cycle and monitors C/BE[3:0]# 
as a target. 


CPAR 


AC17 


I/O 

(PCI) 




Calculated Parity Signal: PAR is “even" parity and 
is calculated on 36 bits - AD[31 : 0] plus C/BE[3:0]#. 
PAR is generated for address and data phases and 
is only guaranteed to be valid on the PCI clock after 
the corresponding address or data phase. 


FRAME# 


AB9 


I/O 

(PCI) 




Cycle Frame: FRAME# is driven by the current bus 
master to indicate the beginning and duration of an 
access. FRAME# is asserted to indicate that a bus 
transaction is beginning. FRAME# is an input when 
FireStar is the target and an output when it is the ini- 
tiator. 


IRDY# 


AB11 


I/O 

(PCI) 




Initiator Ready: IRDY# indicates FireStar’s ability, 
as an initiator, to complete the current data phase of 
the transaction. It is used in conjunction with 
TRDY#. A data phase is completed on each clock 
that both IRDY# and TRDY# are sampled asserted. 
IRDY# is an input to when FireStar is the target and 
an output when it is the initiator. 


TRDY# 


AB12 


I/O 

(PCI) 




Target Ready: TRDY# indicates FireStar’s ability to 
complete the current data phase of the transaction. 
It is used in conjunction with IRDY#. A data phase is 
completed on each clock that TRDY# and IRDY# 
are both sampled asserted. TRDY# is an input when 
FireStar is the initiator and an output when it is the 
target. 


DEVS EL# 


AF1 5 


I/O 

(PCI) 




Device Select: FireStar asserts DEVSEL# to claim 
a PCI transaction. As an output, FireStar asserts 
DEVSEL# when it samples configuration cycles to 
the configuration registers. FireStar also asserts 
DEVSEL# when an internal IPC address is decoded. 

As an input, DEVSEL# indicates the response to a 
transaction. If no slave claims the cycle, FireStar will 
assert DEVSEL# to terminate the cycle. 


STOP# 


AC1 6 


I/O 

(PCI) 




Stop: STOP# indicates that FireStar, as a target, is 
requesting a master to stop the current transaction. 
As a master, STOP# causes FireStar to stop the 
current transaction. STOP# is an output when 
FireStar is a target and an input when it is the initia- 
tor. 





































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



PLOCK# 


AE1 5 


I/O 

(PCI) 




PCI Lock: PLOCK# is used to indicate an atomic 
operation that may require multiple transactions to 
complete. When PLOCK# is asserted, non-exclusive 
transactions may proceed to an address that is not 
currently locked. Control of PLOCK# is obtained 
under its own protocol in conjunction with PGNT#. 


SERR# 


AD17 


I/O 

(PCI) 




System Error: SERR# can be pulsed active by any 
PCI device that detects a system error condition. 
Upon sampling SERR# active, FireStar generates a 
non-maskable interrupt (NMI) to the 3.3V Pentium 
CPU. 


PERR# 


AE17 


I/O 

(4mA) 




Parity Error: PERR# may be pulsed by any agent 
that detects a parity error during an address phase, 
or by the master, or by the selected target during 
any data phase in which the AD[31 :0] lines are 
inputs. Upon sampling PERR# active, FireStar gen- 
erates a non-maskable interrupt (NMI) to the 3.3V 
Pentium CPU. 


PCICLKIN 


AB6 


1 




PCI Clock Input: Master PCI clock input on the 
CPU power plane. 

PCICLKIN is a 5.0V tolerant input, even when its 
power plane is connected to 3.3.V as long as the 
5VREF pins of FireStar are connected to +5.0V. 


CLKRUN# 


AF1 6 


I/O 

(PCI) 


PCIDV1 
86h = OOh 


Clock Run: CLKRUN# is an I/O sustained tristate 
signal and follows the PCI 2.1 defined protocol. 
When a PCI device pulls CLKRUN# low, FireStar 
enables PCICLK by asserting CLKOE (PIO option) 
high. FireStar maintains control of CLKRUN# and 
will keep it low as long as it intends to keep the clock 
running. FireStar will attempt to turn off the PCI 
clock to PCI devices whenever software enables 
APM Doze mode (setting SYSCFG 50h[3] = 1). Note 
that the FireStar PCICLK input must not be turned 
off. A weak external pull-up is required. Also refer to 
the CLKOE signal description in Section 3.3, Pro- 
grammable I/O Pins. 


PI06 






PCIDV1 
86h OOh 


Programmable Input/Output 6: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


REQO# 


AF17 


1 




PCI Bus Request 0: REQ# is used by PCI bus mas- 
ters to request control of the bus. 


GNTO# 


ADI 6 


0 

(PCI) 




PCI Bus Grant 0: GNT# is returned to PCI bus mas- 
ters asserting REQ#, when the bus becomes avail- 
able. 






































Signal Name 


Pin No. 


Signal Type 
(Drive) 


Selected 

By 


Signal Description 


REQ1# 


AB1 8 


1 


PCIDV1 
87h = OOh 


PCI Bus Request 1 : REO# is used by PCI bus mas- 
ters to request control of the bus. 


PI07 




I/O 

(4mA) 


PCIDV1 

87h*00h 


Programmable Input/Output 7: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


PCICLKO 


ABM 

Strap option 
pin, refer to 
Table 3-7 


0 

(PCI) 




PCI Clock Output 0: This PCI clock output is 
always available. 


GNT1# 


AB17 


0 

(PCI) 


Default 


PCI Bus Grant 1 : GNT# is returned to PCI bus mas- 
ters asserting REQ#, when the bus becomes avail- 
able. 


PCICLK1 




0 

(4mA) 


RTCRD# strap 
option 


PCI Clock Output 1 


REQ2# 


AE1 6 


1 


PCIDV1 
88h = OOh 


PCI Bus Request 2: REQ# is used by PCI bus mas- 
ters to request control of the bus. 


PI08 




I/O 

(4mA) 


PCIDV1 
88h * OOh 


Programmable Input/Output 8: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


GNT2# 


AB1 5 


0 

(PCI) 


Default 


PCI Bus Grant 2: GNT# is returned to PCI bus mas- 
ters asserting REQ#, when the bus becomes avail- 
able. 


PCICLK2 






RTCWR# strap 
option 


PCI Clock Output 2 


REQ3# 


ADI 8 


1 




PCI Bus Request 3: REQ# is used by PCI bus mas- 
ters to request control of the bus. 


GNT3# 


AC1 8 


0 

(PCI) 




PCI Bus Grant 3: GNT# is returned to PCI bus mas- 
ters asserting REQ#, when the bus becomes avail- 
able. 



3.2.3 IDE Interface Signal Set 



Signal Name 


Pin No. 


Signal Type 
(Drive) 


Selected 

By 


Signal Description 


Bus Master IDE Interface 


DBEW# 


H24 


0 


Default 


Drive W Buffer Control 


IDE1_DACK# 


Strap option 
pin, refer to 
Table 3-7 


(4 mA) 


RTCAS:A20M# 
strap option 


DDACK# for Second IDE Cable 


DWR# 




PCIDV1 
4Fh[1] = 1 


Drive Write Signal 









































































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



DDRQO 


H25 


I/O 

(4 mA) 


PCIDV1 
89h = OOh 


Drive Cable A DMA Request 


PI09 


PCIDV1 
89h * OOh 


Programmable Input/Output 9: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


Clock and Reset Interface 


RESET# 


AC24 


0 

(8mA) 




System Reset: When asserted, this signal resets 
the CPU. RESET# is asserted in response to a 
PWRGD only and is guaranteed to be active for 1 ms 
such that CLK and VCC are stable. 

If RSTDRV is programmed to toggle in Suspend (via 
SYSCFG 40h[0]), so will RESET# since RESET# is 
derived from RSTDRV. 


PWRGD 


H26 


1 




Power Good: This input reflects the “wired-OR” sta- 
tus of the external reset switch and the power good 
status from the power supply. 


OSCJ4MHZ 


E5 


1 




Timer Oscillator Clock: This is the main clock used 
by the internal 8254 timers. It is connected to a 
14.31818MHz oscillator. 

OSC_14MHZ is a 5.0V tolerant input, even when its 
power plane is connected to 3.3.V as long as the 
5VREF pins of FireStar are connected to +5.0V. 


OSC32 


C7 


1 




32KHz Clock: This signal is used as a 32KHz clock 
input. It is used for power management and is usu- 
ally the only active clock when the system is in Sus- 
pend mode. 

OSC32 is a 5.0V tolerant input, even when its power 
plane is connected to 3.3.V as long as the 5VREF 
pins of FireStar are connected to +5.0V. 


CPUCLKIN 


M5 


1 




Feedback input to Circuitry: This input clock must 
be equivalent to, and in phase with, the clock going 
to the CPU. 

Note: This is a CMOS-level input and therefore it 

is imperative that the rise time on this signal 
is less than or equal to 2.5ns. 


































Preliminary 

82C700 



3.2.4 ISA Interface Signal Set 



Signal Name 


Pin No. 


Signal Type 
(Drive) 


Selected 

By 


Signal Description 


Interrupt Controller Interface 


IRQ1 


AF18 


1 


PC1DV1 
8Ah = OOh 


Interrupt Request 1 : Normally connected to the 
keyboard controller. 

IRQ1 is a 5.0V tolerant input, even when its power 
plane is connected to 3.3.V as long as the 5VREF 
pins of FireStar are connected to +5.0V. 


PIOIO 


I/O 

(4 mA) 


PCIDV1 
8Ah =£ OOh 


Programmable Input/Output 10: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


IRQA/IRQ3 


AC1 9 


1 




Programmable Interrupt Request A / IRQ3: This 
input defaults to IRQ3, however, it can be pro- 
grammed to route onto any ISA or PCI interrupt 
through PCI DV1 BOh. 

IRQA/IRQ3 is a 5.0V tolerant input, even when its 
power plane is connected to 3.3.V as long as the 
5VREF pins of FireStar are connected to +5.0V. 


IRQB/IRQ4 


ADI 9 


1 




Programmable Interrupt Request B / IRQ4: This 
input defaults to IRQ4, however, it can be pro- 
grammed to route onto any ISA or PCI interrupt 
through PCIDV1 Blh. 

1 ROB/I RC4 is a 5.0V tolerant input, even when its 
power plane is connected to 3.3.V as long as the 
5VREF pins of FireStar are connected to +5.0V. 


IRQC/IRQ5 


AE1 9 


1 




Programmable Interrupt Request C / IRQ5: This 
input defaults to IRC5, however, it can be pro- 
grammed to route onto any ISA or PCI interrupt 
through PCIDV1 B2h. 

IRQC/IRG5 is a 5.0V tolerant input, even when its 
power plane is connected to 3.3.V as long as the 
5VREF pins of FireStar are connected to +5.0V. 


IRQD/IRQ6 


AF1 9 


1 




Programmable Interrupt Request D / IRQ6: This 
input defaults to IRG6, however, it can be pro- 
grammed to route onto any ISA or PCI interrupt 
through PCIDV1 B3h. 

1 ROD/I RG6 is a 5.0V tolerant input, even when its 
power plane is connected to 3.3.V as long as the 
5VREF pins of FireStar are connected to +5.0V. 


IRQE/IRQ7 


AD20 


1 




Programmable Interrupt Request E / IRQ7: This 
input defaults to IR07, however, it can be pro- 
grammed to route onto any ISA or PCI interrupt 
through PCIDV1 B4h. 



































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



IRQ8# 


AE20 


1 


PCIDV1 
8Bh = OOh 


Interrupt Request 8: Normally connected to the 

RTC alarm output. 


PI011 




I/O 

(4mA) 


PCIDV1 
8Bh * OOh 


Programmable Input/Output 11: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


IRQF/IRQ9 


AF20 


1 




Programmable Interrupt Request F / IRQ9: This 
input defaults to IRQ9, however, it can be pro- 
grammed to route onto any ISA or PCI interrupt 
through PCIDV1 B5h. 


IRQG/IRQ1 0 


AB22 


1 




Programmable Interrupt Request G / IRQ10: This 
input defaults to IRQ10, however, it can be pro- 
grammed to route onto any ISA or PCI interrupt 
through PCIDV1 B6h. 


IRQH/IRQ11 


AC21 


1 




Programmable Interrupt Request H / IRQ11 : This 
input defaults to IRQ11 , however, it can be pro- 
grammed to route onto any ISA or PCI interrupt 
through PCI DV1 B7h. 


IRQ12 


AD21 


1 


PCIDV1 
8Ch = OOh 


Interrupt Request 12: Normally connected to the 
mouse interrupt from the keyboard controller. 


PI012 






PCIDV1 
8Ch * OOh 


Programmable Input/Output 12: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


IRQ14 


AE21 


1 


PCIDV1 
8Dh = OOh 


Interrupt Request 14: Normally connected to the 
primary IDE channel. 


PI013 




I/O 

(4mA) 


PCIDV1 
8Dh * OOh 


Programmable Input/Output 13: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


IRQ15 


AF21 


1 


PCIDV1 
BBh[0] = 0 


Interrupt Request 15: Normally connected to the 
secondary IDE channel. 


SIN# 






PCIDV1 
BBh[0] = 1 


Serial Input: Serial interrupt return line for Intel style 
of serial IRQs. 


IRQSER 


AE1 8 


I/O 


PCIDV1 
BAh[0] = 0 


Serial Interrupt Request: Bidirectional interrupt line 
for Compaq style of serial IRQs. 


SDCKE 




0 


PCIDV1 
53h[4] = 1 


SDRAM Clock Enable: This signal is asserted to 
put the SDRAM into a “Stop” state. The BIOS can 
program FireStar to assert this signal only in Sus- 
pend mode. 


SOUT# 






PCIDV1 
BBh[0] = 1 


Serial Output: Serial interrupt output line for Intel 
style of serial IRQs. 


























































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



J I I L 



ISA DMA Arbiter Interface 


DRQA/DRQO 


M24 


1 


PCIDV1 
99h = OOh 


Programmable DMA Request A / DRQO: The DRQ 

is used to request DMA service from the DMA con- 
troller. 

This input defaults to DRQO, however, it can be pro- 
grammed to route onto any internal DRQ by pro- 
gramming PCIDV1 C0h[2:0], 


PI025 


I/O 

(4mA) 


PCIDV1 

99h*00h 


Programmable Input/Output 25: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


DRQB/DRQ1 


M25 


1 


PCIDV1 
9Ah = OOh 


Programmable DMA Request B / DRQ1 : The DRQ 

is used to request DMA service from the DMA con- 
troller. 

This input defaults to DRQ1 , however, it can be pro- 
grammed to route onto any internal DRQ by pro- 
gramming PCIDV1 C0h[6:4], 


PI026 


I/O 

(4mA) 


PCIDV1 
9Ah * OOh 


Programmable Input/Output 26: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


DRQC/DRQ2 


M26 


1 


PCIDV1 
9Bh = OOh 


Programmable DMA Request C / DRQ2: The DRQ 

is used to request DMA service from the DMA con- 
troller. 

This input defaults to DRQO, however, it can be pro- 
grammed to route onto any internal DRQ by pro- 
gramming PCIDV1 C1h[2:0], 


PI027 


I/O 

(4mA) 


PCIDV1 

9Bh*00h 


Programmable Input/Output 27: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


DRQD/DRQ3 


L23 


1 


PCIDV1 
9Ch = OOh 


Programmable DMA Request D / DRQ3: The DRQ 

is used to request DMA service from the DMA con- 
troller. 

This input defaults to DRQ3, however, it can be pro- 
grammed to route onto any internal DRQ by pro- 
gramming PCIDV1 C1h[6:4], 


PI028 


I/O 

(4 mA) 


PCIDV1 
9Ch * OOh 


Programmable Input/Output 28: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


DRQE/DRQ5 


L24 


1 


PCIDV1 
9Dh = OOh 


Programmable DMA Request E / DRQ5: The DRQ 

is used to request DMA service from the DMA con- 
troller. 

This input defaults to DRQ5, however, it can be pro- 
grammed to route onto any internal DRQ by pro- 
gramming PCIDV1 C2h[6:4], 


PI029 


I/O 

(4mA) 


PCIDV1 
9Dh * OOh 


Programmable Input/Output 29: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 



















































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



DRQF/DRQ6 


L25 


1 


PCIDV1 
9Eh = OOh 


Programmable DMA Request F / DRQ6: The DRQ 

is used to request DMA service from the DMA con- 
troller. 

This input defaults to DRQ6, however, it can be pro- 
grammed to route onto any internal DRQ by pro- 
gramming PCIDV1 C3h[2:0], 


PIO30 


I/O 

(4mA) 


PCIDV1 
9Eh * OOh 


Programmable Input/Output 30: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


DRQG/DRQ7 


L26 


1 


PCIDV1 
9Fh = OOh 


Programmable DMA Request G / DRQ6: The DRQ 

is used to request DMA service from the DMA con- 
troller. 

This input defaults to DRQ7, however, it can be pro- 
grammed to route onto any internal DRQ by pro- 
gramming PCIDV1 C3h[6:4], 


PI031 


I/O 

(4mA) 


PCIDV1 
9Fh OOh 


Programmable Input/Output 31 : See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


DACKA#/DACKO# 


K22 


O 




Programmable DMA Acknowledge A / DACK0#: 

DACK# is used to acknowledge DRQ to allow DMA 
transfer. 

This input defaults to DACK0#, however, it can be 
programmed to route onto any internal DACK# by 
programming PCIDV1 C0h[2:0], 


PPWR4 


PCIDV1 
C0h[2:0] = 100 


Peripheral Power Control Line 4: Peripheral 
power control lines 0 through 15 are latch outputs 
used to control external devices. 


DACKB#/DACK1# 


K23 


0 




Programmable DMA Acknowledge B / DACK1#: 

DACK# is used to acknowledge DRQ to allow DMA 
transfer. 

This input defaults to DACK1#, however, it can be 
programmed to route onto any internal DACK# by 
programming PCIDV1 C0h[6:4], 


PPWR5 


PCIDV1 
C0h[6:4] = 100 


Peripheral Power Control Line 5 


DACKC#/DACK2# 


K24 


0 




Programmable DMA Acknowledge C / DACK2#: 

DACK# is used to acknowledge DRQ to allow DMA 
transfer. 

This input defaults to DACK2#, however, it can be 
programmed to route onto any internal DACK# by 
programming PCIDV1 C1h[2:0], 


PPWR6 


PCIDV1 
Cl h[2:0] = 100 


Peripheral Power Control Line 6 















































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



DACKD#/DACK3# 


K25 


0 




Programmable DMA Acknowledge D / DACK3#: 

DACK# is used to acknowledge DRQ to allow DMA 
transfer. 

This input defaults to DACK3#, however, it can be 
programmed to route onto any internal DACK# by 
programming PCIDV1 C1h[6:4], 


PPWR7 


PCIDV1 
C1h[6:4] = 100 


Peripheral Power Control Line 7 


DACKE#/DACK5# 


K26 


0 




Programmable DMA Acknowledge E / DACK5#: 

DACK# is used to acknowledge DRG to allow DMA 
transfer. 

This input defaults to DACK5#, however, it can be 
programmed to route onto any internal DACK# by 
programming PCIDV1 C2h[6:4], 


PPWR13 


PCIDV1 
C2h[6:4] = 100 


Peripheral Power Control Line 13 


DACKF#/DACK6# 


J22 


0 




Programmable DMA Acknowledge F / DACK6#: 

DACK# is used to acknowledge DRQ to allow DMA 
transfer. 

This input defaults to DACK6#, however, it can be 
programmed to route onto any internal DACK# by 
programming PCIDV1 C3h[2:0], 


PPWR14 


PCIDV1 
C3h[2:0] = 100 


Peripheral Power Control Line 14 


DACKG#/DACK7# 


J23 


0 




Programmable DMA Acknowledge G / DACK7#: 

DACK# is used to acknowledge DRQ to allow DMA 
transfer. 

This input defaults to DACK7#, however, it can be 
programmed to route onto any internal DACK# by 
programming PCIDV1 C3h[6:4], 


PPWR15 


PCIDV1 
C3h[6:4] = 100 


Peripheral Power Control Line 15 


Compact ISA Interface 


RSTDRV 


AC25 


I/O 

(4mA) 


PCIDV1 
8Fh = OOh 


Reset Drive: Active high reset signal to ISA bus 
devices. 

RSTDRV can be programmed to toggle in Suspend 
via SYSCFG 40h[0], 


PI015 


PCIDV1 
8Fh # OOh 


Programmable Input/Output 15: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


S D[ 1 5:0] 


Refer to Table 
3-2 


I/O 

(8mA) 


Cycle 

Multiplexed 


System Data Bus: SD[15:0] provides the 16-bit 
data path for devices residing on the ISA bus. 


MAD[1 5:0] 


Multiplexed Address/Data Bus: Used during CISA 

cycles. 





















































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



SEL/ATB# 


AC20 


I/O 

(4 mA) 


PCIDV1 
8Eh = OOh 


Select/AT Back-off: Dedicated CISA input. 
This signal needs to be pulled up externally. 


SDCKE 


PCIDV1 
53h[3] = 1 


SDRAM Clock Enable: This signal is asserted to 
put the SDRAM into a “Stop” state. The BIOS can 
program FireStar to assert this signal only in Sus- 
pend mode. 


PI 01 4 


PCIDV1 
8Eh * OOh 


Programmable Input/Output 14: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


CMD# 


AB20 


0 

(4mA) 


SYSCFG 
16h[7, 5] 


Command: Dedicated CISA output used to signal a 
data transfer command. 


DIRTY 


I/O 

(4mA) 


Tag Dirty Bit: This dirty bit allows the tag data to be 
8 bits wide instead of 7. 


PCICLK3 


0 

(4mA) 


ROMOS#: 
KBDCS# strap 
option 


PCI Clock Output 3 


ATCLK 


AA22 


0 

(8mA) 




ISA Bus Clock: This signal is derived from an inter- 
nal division of PCICLK. It is used to sample and 
drive all ISA synchronous signals. 

PCIDV1 47h[5:4] sets the ATCLK: 

00 = PCICLK-4 1 0 = PCICLK-2 

01 = PCICLK-3 11= PCICLK 

The ATCLK is also used to demultiplex and sample 
externally multiplexed inputs. During Suspend, it is 
possible to output 32KHz on this pin, or drive it low. 


PCICLK4 


ROMCS#: 
KBDCS# strap 
option 


PCI Clock Output 4 


IOCHRDY 


AB26 


I/O 

(8mA) 




I/O Channel Ready: Resources on the ISA bus 
deassert IOCHRDY to indicate that wait states are 
required to complete the cycle. IOCHRDY is an input 
when FireStar owns the ISA bus and is an output 
when an external ISA bus master owns the ISA bus. 
IOCHRDY is automatically tristated in Suspend. 


BALE 


W22 


0 

(8mA) 




Bus Address Latch Enable: BALE is an active high 
signal asserted to indicate that the address, AEN, 
and SBHE# signal lines are valid. BALE remains 
asserted throughout ISA master and DMA cycles. 


PCICLK5 


ROMCS#: 
KBDCS# strap 
option 


PCI Clock Output 5 



















































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



J I I L 



ISA Bus Interface 


MRD# 


AC26 


I/O 

(8mA) 




Memory Read: MRD# is the command to a memory 
slave that it may drive data onto the ISA data bus. 
MRD# is an output when Fi reStar is a master on the 
ISA bus. MRD# is an input when an ISA master, 
other than FireStar, owns the ISA bus. 


IDE1_DCS3# 






RTCAS:A20M# 
strap option 


DCS3 Control for Secondary IDE Channel 


MWR# 


AB23 


I/O 

(8mA) 




Memory Write: MWR# is the command to a mem- 
ory slave that it may latch data from the ISA data 
bus. MWR# is an output when the FireStar owns the 
ISA bus. MWR# is an input when an ISA master, 
other than FireStar, owns the ISA bus. 


IDE1_DCS1# 






RTCAS:A20M# 
strap option 


DCS1 Control for Secondary IDE Channel 


IOR# 


AB24 


I/O 

(8mA) 




I/O Read: IOR# is the command to an ISA I/O slave 
device that the slave may drive data on to the ISA 
data bus (SD[ 1 5:0]) . The I/O slave device must hold 
the data valid until after IOR# is negated. IOR# is an 
output when FireStar owns the ISA bus. IOR# is an 
input when an external ISA master owns the ISA 
bus. 


IDE1_DRD# 






RTCAS:A20M# 
strap option 


Drive Read Control for Secondary IDE Channel 


IOW# 


AB25 


I/O 

(8mA) 




I/O Write: IOW# is the command to an ISA I/O slave 
device that the slave may latch data from the ISA 
data bus (SD[1 5:0]). IOW# is an output when 
FireStar owns the ISA bus. IOW# is an input when 
an external ISA master owns the ISA bus. 


IDE1_DWR# 






RTCAS:A20M# 
strap option 


D Write Control for Secondary IDE Channel 


SMRD# 


W26 


I/O 

(8mA) 


PCIDV1 
96h = OOh 


System Memory Read: FireStar asserts SMRD# to 
request a memory slave to provide data. If the 
access is below the 1MB range (OOOOOOOOh- 
OOOFFFFFh) during DMA compatible, IPC master, or 
ISA master cycles, FireStar asserts SMRD#. 


PI021 






PCIDV1 
96h * OOh 


Programmable Input/Output 21: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 















































Signal Name 


Pin No. 


Signal Type 
(Drive) 


Selected 

By 


Signal Description 


SMWR# 


V22 


I/O 

(8mA) 


PCIDV1 
97h = OOh 


System Memory Write: Fire Star asserts SMWR#to 
request a memory slave to accept data from the 
data lines. If the access is below the 1 MB range 
(OOOOOOOOh-OOOFFFFFh) during DMA compatible, 
IPC master, or ISA master cycles, FireStar asserts 
SMWR#. 


PI022 






PCIDV1 
97h * OOh 


Programmable Input/Output 22: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


AEN 


M22 


I/O 


PCIDV1 
C2h[1] = 0 


Address Enable: AEN is asserted during DMA 
cycles to prevent I/O slaves from misinterpreting 
DMA cycles as valid I/O cycles. When asserted, 
AEN indicates to an I/O resource on the ISA bus that 
a DMA transfer is occurring. This signal is asserted 
also during refresh cycles. AEN is driven low upon 
reset. 


PPWR11 






PCIDV1 
C2h[1] = 1 


Peripheral Power Control Line 11 


1016# 


W23 


I/O 


PCIDV1 
92h = OOh 


16-Bit I/O Chip Select: This signal is driven by I/O 
devices on the ISA bus to indicate that they support 
16-bit I/O bus cycles. 


PI018 






PCIDV1 
92h * OOh 


Programmable Input/Output 18: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


Ml 6# 


W24 


I/O 


PCIDV1 
93h = OOh 


16-Bit Memory Chip Select: ISA slaves that are 16- 
bit memory devices drive this signal low. 

MEMCS16# is an input when FireStar owns the ISA 
bus. FireStar drives this signal low during ISA mas- 
ter to PCI memory cycles. 


PI019 






PCIDV1 
93h * OOh 


Programmable Input/Output 19: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


RFSH# 


J25 


I/O 


PCIDV1 
C2h[0] = 0 


Refresh: As an output, this signal is used to inform 
FireStar to refresh the local DRAM. 










During normal operation, a low pulse is generated 
every 15ps to indicate to FireStar that the DRAM is 
to be refreshed if PCIDV1 64h[0] = 0. 










During Suspend, if normal DRAM is used, the 
32KHZ input to the FireStar is routed out on this pin 
so that it may perform DRAM refresh. 










An option to continuously drive this signal low during 
Suspend is also provided. The internal pull-up on 
this pin is disengaged in Suspend. 


PPWR12 






PCIDV1 
C2h[0] = 1 


Peripheral Power Control Line 12 


















































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



SBHE# 


W25 


I/O 


PCIDV1 
94 h = OOh 


System Byte High Enable: When asserted, SBHE# 
indicates that a byte is being transferred on the 
upper byte (SD[1 5:8]) of the data bus. SBHE# is 
negated during refresh cycles. SBHE# is an output 
when FireStar owns the ISA bus. 


PIO20 


PCIDV1 
94 h # OOh 


Programmable Input/Output 20: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 


TC 


M23 


I/O 


PCIDV1 
C2h[2] = 0 


Terminal Count 


PPWR10 


PCIDV1 
C2h[2] = 1 


Peripheral Power Control Line 10 


XD7 


AA23 


I/O 

(8mA) 


Cycle 

Multiplexed 
(See Note) 


XD Bus Line 7: ISA status signal. 


IDE_DCS3# 


DCS3 Control for Primary IDE Channel 


XD6 


AA24 


I/O 

(8mA) 


Cycle 

Multiplexed 
(See Note) 


XD Bus Line 6: ISA status signal. 


IDE_DCS1# 


DCS1 Control for Primary IDE Channel 


XD5 


AA25 


I/O 

(8mA) 


Cycle 

Multiplexed 
(See Note) 


XD Bus Line 5: ISA status signal. 


IDEJDDACK# 


DMA Acknowledge for Primary IDE Channel 


XD4 


AA26 


I/O 

(8mA) 


Cycle 

Multiplexed 
(See Note) 


XD Bus Line 4: ISA status signal. 


IDE_DA2 


Address Bit 2 for Primary IDE Channel 


XD3 


Y23 


I/O 

(8mA) 


Cycle 

Multiplexed 
(See Note) 


XD Bus Line 3: ISA status signal. 


IDE_DA1 


Address Bit 1 for Primary IDE Channel 


XD2 


Y24 


I/O 

(8 mA) 


Cycle 

Multiplexed 
(See Note) 


XD Bus Line 2: ISA status signal. 


IDE_DA0 


Address Bit 0 for Primary IDE Channel 


XD1 


Y25 


I/O 

(8 mA) 


Cycle 

Multiplexed 
(See Note) 


XD Bus Line 1 : ISA status signal. 


IDE_DRD# 


Drive Read Control for Primary IDE Channel 


XDO 


Y26 


I/O 

(8 mA) 


Cycle 

Multiplexed 
(See Note) 


XD Bus Line 0: ISA status signal. 


IDE_DWR# 


Drive Write Control for Primary IDE Channel 


Note: XD[7:0] can be strapped to be dedicated IDE lines via the RTCAS:A20M# strap option and PCIDV1 75h[6] = 1 . 


SA[23:20] 


V23:V26, 


I/O 

(8mA) 




System Address Bus Lines 23 through 20: The 

SA[23:0] signals on FireStar provide the address for 
memory and I/O accesses on the ISA bus. The 
addresses are outputs when FireStar owns the ISA 
bus and are inputs when an external ISA master 
owns the ISA bus. 


PPWR[3:0] 


DBEW# strap 
option 


Peripheral Power Control Lines 3 through 0 


























































































Signal Name 



Pin No. 



Signal Type 
(Drive) 



Selected 

By 



Signal Description 



SA[1 9:1 8] 


U23, U24 


I/O 

(8mA) 




System Address Bus Lines 19 and 18 


PPWR[9:8] 


DBEW# strap 
option 


Peripheral Power Control Lines 9 and 8 


SA[1 7:16] 


U25, U26 


I/O 

(8mA) 


PCIDV1 
91 h-90h = 00 h 


System Address Bus Lines 17 and 16 


PI 0[1 7:16] 


PCIDV1 
91 h-90h * OOh 


Programmable Input/Output Lines 17 and 16: 

See Section 3.3, "Programmable I/O Pins", on page 
33 for more details. 


SA[1 5:0] 


Refer to Table 
3-2 


I/O 

(8mA) 




System Address Bus Lines 15 through 0 


1 D E 1 D D[1 5:0] 


RTCAS:A20M# 
strap option 


Disk Data Lines 15 through 0: DD[15:0] provide 
the 1 6-bit data path for the IDE disk drives. 


External Real-Time Clock Interface 


RTCAS 


N24 

Strap option 
pin, refer to 
Table 3-7 


0 

(4mA) 




Real-Time Clock Address Strobe: This signal is 
connected to the address strobe of the real-time 
clock. 


IDE1_DA0 


I/O 


RTCAS :A20M# 
strap option and 
PCIDV1 
75h[7] = 1 . 


Address Bit 0 for Secondary IDE Channel 


RTCRD# 


N25 

Strap option 
pin, refer to 
Table 3-7 


O 

(4mA) 




Real-Time Clock Read: This pin is used to drive the 
read signal of the real-time clock. 


IDE1_DA1 


I/O 


RTCAS:A20M# 
strap option and 
PCIDV1 
75h[7] = 1 . 


Address Bit 1 for Secondary IDE Channel 


RTCWR# 


N26 

Strap option 
pin, refer to 
Table 3-7 


0 

(4 mA) 




Real-Time Clock Write: This pin is used to drive the 
write signal of the real-time clock. 


IDE1_DA2 


I/O 


RTCAS:A20M# 
strap option and 
PCIDV1 
75h[7] = 1 . 


Address Bit 2 for Secondary IDE Channel 


Power Management Unit Interface 


PPWRL 


AC23 


0 

(4 mA) 


(Default) 


Power Control Latch: This signal is used to control 
the external latching of the peripheral power control 
signals PPWR[15:0], This signal is pulsed after reset 
to preset the external latch. 


PPWRO# 


I/O 


BOFF# strap 
option 


Peripheral Power Control Line 0# 



































































Signal Name 


Pin No. 


Signal Type 
(Drive) 


Selected 

By 


Signal Description 


Miscellaneous 


A20M# 


R3 

Strap option 
pin, refer to 
Table 3-7 


0 

(4mA) 




Address Bit 20 Mask: This pin is an output and 
generates the A20M# output by trapping GATEA20 
commands to the keyboard or to Port 092h. The 
CPUINIT signal to the CPU is generated whenever it 
senses reset commands to Port 060h/064h, or a 
Port 092h write command with bit 0 set high. 

When keyboard emulation is disabled, FireStar traps 
only Port 092h GATEA20 commands and accepts 
the GATEA20 input from the keyboard controller, 
which is sent out as A20M# to the CPU. 


ROMCS# 


J24 

Strap option 
pin, refer to 
Table 3-7 


0 

(4mA) 


PCIDV1 
52h[2] = 0 
97 h = OOh 
4Fh[1] = 0 


BIOS ROM Chip Select: This output goes active on 
both reads and writes to the ROM area to support 
flash ROM. For flash ROM support, writes to ROM 
can be supported by appropriately setting PCIDV1 
47h[7], 


PI023 


I/O 

(4 mA) 


PCIDV1 
52h[2] = 0 
97 h * OOh 
4Fh[1] = 0 


Programmable Input/Output Line 23: See Section 
3.3, "Programmable I/O Pins", on page 33 for more 
details. 


ROMCS#/ 

KBDCS# 


0 

(4mA) 


PCIDV1 
52h[2] = 1 
or 

4Fh[1] = 1 


Combined ROM and Keyboard Chip Select: 

When this combined functionality is selected, the 
ROM cycles are qualified by MRD#/MWR#; the key- 
board controller cycles are qualified by IOR#/IOW#. 


SPKROUT 


H23 


I/O 

(8mA) 




Speaker Data: This pin is used to drive the system 
board speaker. This signal is a function of the Timer- 
0 Counter-2 and Port 061 h bit 1 . 

Can use CISA protocol to gang several. 


KBDCS# 


J26 

Strap option 
pin, refer to 
Table 3-7 


0 

(8mA) 


Default 
PCIDV1 
98h = OOh 


Keyboard Chip Select: Used to decode accesses 
to the keyboard controller. 


PI024 


I/O 

(8mA) 


PCIDV1 
98h * OOh 


Programmable Input/Output 24: See Section 3.3, 
"Programmable I/O Pins", on page 33 for more 
details. 



DRD# 



O 

(8mA) 



PCIDV1 
4Fh[1] = 1 



Drive Read Signal 
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3.2.5 Test Mode Selection Pins 



Signal Name 


Pin No. 


Signal Type 
(Drive) 


Selected 

By 


Signal Description 


RSVD 


B7 

Strap option 
pin for future 
2.5V CPU 
interface, 
refer to Table 
3-7 


I/O 

(4 mA) 




Reserved: This pin is reserved for possible addi- 
tional functionality on future revisions of FireStar. 
However, it is used as an input for the ATE Test 
Mode selection address. See TMS (pin AB5) 
description. 


RSVD 


A7 


I/O 

(4mA) 




Reserved in FireStar: An input for the ATE Test 
Mode selection address. See TMS (pin AB5) 
description. 


SDCKE (FS ACPI) 


PCIDV1 
52h[3] = 1 


SDRAM Clock Enable in FireStar ACPI: This sig- 
nal is asserted to put the SDRAM into a “Stop” state. 
The BIOS can program FireStar to assert this signal 
only in Suspend mode. 

This pin is also an input for the ATE Test Mode 
selection address. See TMS (pin AB5) description. 


TMS 


AB5 


I/O 




Test Mode Select: An input for the ATE Test Mode 
selection address. 

AB5 B7 A7 Mode 

0 X X Normal operation (default) 

1 0 0 Tristate all pins 

1 0 1 NAND tree test 

1 1 0 Reserved for factory test 

1 1 1 Reserved for factory test 



3.2.6 Power and Ground Pins 



Signal Name 


Pin No. 


Signal Type 


Signal Description 


GND 


AA6, AA13, 
AA14, AA21 , 
AB13, E14, F6, 
F13, F14, F21 , 
N5, N6, N21 , 
P6, P21 , P22 


G 


Ground Connections 


VCCJSA 


L22, U22, Y22 


P 


ISA Bus Power Plane: 3.3V or 5.0V 


VCC_CPU 


E8, G5, T5, W5 


P 


CPU Bus Power Plane: 3.3V (and 2.5V in future 2.5V CPU inter- 
face revision) 


VCC_CORE 


AB1 9, H22, K5 


P 


FireStar Core Power Plane: 3.3V only 


VCC_DRAM 


Ell, E17, E20 


P 


Memory Power Plane: 3.3V or 5.0V 


VCC_PCI 


AB7, AB1 0, 
AB1 6 


P 


PCI Bus Power Plane: 3.3V or 5.0V 


5VREF 


AB21 , E7 


P 


5.0 V Reference: Connect to 5.0V is available in the system. Con- 
nect to 3,3V for an all 3.3V design. 




Page 32 912-2000-015 

Revision: 1 .0 




























































Preliminary 

82C700 



3.3 Programmable I/O Pins 

Programmable I/O options are available on 32 PIO pins of the 
FireStar chip. The options available comprise all of the 
PPWR[15:0] power control lines, the general purpose chip 
select lines GPCS[3:0]#, certain ISA pins, and various other 
options such as logical operations (OR, AND, NOT, XOR). 
The goal is to reduce to a minimum the number of external 
logic devices required by recovering unused pins. 

PIO pin assignment is more flexible than in past OPTi chips, 
allowing any programmable function to replace any PIO- 
ready pin. This assignment always overrides the former func- 
tion of the pin. The mechanism for PIO assignment is to pro- 



gram the group and subfunction number for the PIO pin into 
the corresponding register at PCIDV1 80h-9Fh. 

Functions are also assignable to internal "nodes". In this way, 
multi-level logic functions can be built up internally and the 
resulting input or output signals can be assigned to free PIO 
pins. 

Note: Any signal that can potentially be programmed as a 

PIO pin will function as a PIO pin only if the corre- 
sponding CPU register is programmed to a non-zero 
value. 



Table 3-3 PIO Functions 



Group 


Function 


Sub- function 
Number 


Description 


Power 


Default on pin 


Oh 


Pin definition at reset 


Management 
Inputs 
Group 0 


EPMI0# 


1 h 


External Power Management Input 0 


EPMI1# 


2h 


External Power Management Input 1 




EPMI2# 


3h 


External Power Management Input 2 




EPMI3# 


4h 


External Power Management Input 3 




LOBAT 


5h 


Low Battery SMI (periodic) 




LLOBAT 


6h 


Very Low Battery SMI (level-triggered) 




RINGI 


7h 


Ring Indicator 




SUS/RES# 


8h 


Suspend/Resume 




THMIN 


9h 






HDI 


Ah 


ISA Hot Docking Indicator 




TEMPDET 


Bh 


Temperature Detect Input for thermal mgmt. 




Reserved 


C-Fh 




Power Control 
Outputs Group 1 h 


PPWRx 


0-Fh 


Peripheral Power Control Outputs, x = 0..15 


Misc. Inputs 


PCIRQ[3:0]# 


0-3h 


PCI Interrupts 


Group 2h 


DDRQ1 


4h 


IDE Cable 1 DMA Request 




CHRDYA 


5h 


Dedicated IDE Cable 0 Channel Ready 




CHRDYB 


6h 


Dedicated IDE Cable 1 Channel Ready 




MSTR# 


7h 


ISA MASTER# signal 




CHCK# 


8h 


ISA IOCHCK# signal (generates NMI) 




KBCRST 


9h 


Reset signal from Keyboard Controller 




KBCA20M# 


Ah 


A20M# signal from Keyboard Controller 




Monitor Input 


Bh 


PIO pin becomes input: read at PCIDV1 A8h-ABh 




NOWS# 


Ch 


ISA zero wait state signal 




Reserved 


D-Fh 
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Table 3-3 PIO Functions (cont.) 



Group 


Function 


Sub-function 

Number 


Description 


Misc. Outputs 


GPCSx# 


0-3h 


General Purpose Chip Select outputs, x=0-3 


Group 3h 


Reserved 


4-7h 






CDIR 


8h 


Compact ISA Cable Buffer Direction signal 




L2CLKOE 


9h 


L2 Cache Clock Output Enable 




PCICLKOE 


Ah 


PCI Clock Output Enable (to ext. clock generator) 




HGNT# 


Bh 


UMA Split Buffer Control signal 




FAN 


Ch 


CPU overtemp fan control output 




Reserved 


Dh 






PCTLL 


Eh 


Power control latch low is available only on PI015 (RSTDRV) 
and is used to latch PPWR[15:0] from SD[15:0] 




ATCLK/2 


Fh 


ATCLK divided by 2 (for KBCLK and/or ACPIMX) 


IDE Controller 


DDACKO# 


Oh 


Dedicated IDE DMA acknowledge (Primary cable) 


Outputs Group 4h 


DDACK1# 


1 h 


Dedicated IDE DMA acknowledge (Secondary cable) 




DRD# 


2h 


Dedicated IDE command 




DWR# 


3h 






DCS1# 


4h 


Dedicated IDE chip select 




DCS3# 


5h 






DAO 


6h 


Dedicated IDE address 




DAI 


7h 






DA2 


8h 






DBEX# 


9h 


IDE buffer control for drive X 




DBEY# 


Ah 


IDE buffer control for drive Y 




DBEZ# 


Bh 


IDE buffer control for drive Z 




DDACKO-O# 


Ch 


Dedicated IDE DMA acknowledge (Primary Cable, Drive 0) 




DDACKO-1# 


Dh 


Dedicated IDE DMA acknowledge (Primary Cable, Drive 1) 




DDACK1-0# 


Eh 


Dedicated IDE DMA acknowledge (Secondary Cable, Drive 0) 




DDACK1-1# 


Fh 


Dedicated IDE DMA acknowledge (Secondary Cable, Drive 1) 
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Table 3-3 PIO Functions (cont.) 



Group 


Function 


Sub- function 
Number 


Description 


ACPI Inputs 
Group 7h 


UNDOCK# 

(ACPI0) 


Oh 


Active low input 




DOCK# (ACP1 1 ) 


1 h 


Active low input 




STSCH# (ACPI2) 


2h 


Active low input 




FRI# (ACPI3) 


3h 


Active low input 




Rl# (ACPI4) 


4h 


Active low input 




USB# (ACPI 5) 


5h 


Active low input 




EC# (ACPI 6) 


6h 


Active low input 




LID (ACPI7) 


7h 


Active high input 




(ACPI8) 


8h 


Active high input 




(ACPI9) 


9h 


Active high input 




(ACP1 10) 


Ah 


Active high input 




(ACP1 11) 


Bh 


Active high input 




ACPIMX0 


Ch 


Time-multiplexed input of ACPIO-3 




ACPIMX1 


Dh 


Time-multiplexed input of ACPI4-7 




ACPIMX2 


Eh 


Time-multiplexed input of ACPI8-11 




PWRBTN# 


Fh 


Power button with hardware-enforced Suspend feature 
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The PIO functions listed in Table 3-4 are simple gate func- 
tions. The available gates are illustrated in Figure 3-2. 

Some PIO pins can be assigned a new signal function 
through the register set as shown in Table 3-6, 



Table 3-4 Gate Level PIO Functions 



Group 


Function 


Sub- 

function 

Number 


Description 


Gate Logic 
Inputs 
Group 5h 


AND input 1 


Oh 


3-input AND 
Gate 


AND input 2 


1 h 


AND input 3/ 
NAND input 1 


2h 


NAND input 2 


3h 


3-input NAND 
Gate 


NAND input 

3/ 

OR input 1 


4h 


3-input OR 
Gate 


OR input 2 


5h 


OR input 3 


6h 


XOR input 1 


7h 


3-input XOR 
Gate 


XOR input 2 


8h 


XOR input 3 


9h 


FF1 PRE# 
input 


Ah 


First D Flip-Flop 


FF1 D input 


Bh 


FF1 CLK 
input 


Ch 


FF1 CLR# 
input 


Dh 


FF2 D input 


Eh 


Second D Flip- 
Flop 


FF2 CLK 
input 


Fh 


Logic Out- 
puts Group 
6h 


Logic 0 


Oh 




Logic 1 


1 h 




AND output 


2h 




NAND output 


3h 




OR output 


4h 




XOR output 


5h 




FF1 Q output 


6h 




FF2 Q output 


7h 




Reserved 


8-Fh 





Figure 3-2 Programmable Logic Matrix 





Out 02 h 



Out 03 h 



Out 04h 



Out 05 h 



Out 06 h 




The gate inputs and outputs can be connected directly to PIO 
pins, or can be connected to each other for multi-level logic 
development as described in the example below and using 
the Gate Matrix registers shown in Table 3-5. 

Example: 

A certain system design might require a nearly complete ISA 
bus, but without the need for the Ml 6# pin because no ISA 
memory would be supported. PPWR6 function could be 
assigned to replace the M16# pin without disturbing the rest 
of the ISA interface by simply programming. PCIDV1 93h = 
16h (M16# is PI019). A setting of 16h selects the Power 
Control Outputs Group (1h) and the PPWR6 subfunction 
(6h). 
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Table 3-5 Gate Matrix Programming Registers 



7 


6 5 4 


3 


2 1 0 


PCIDV1 AOh Logic Matrix Register 1 Default = OOh 


Invert input 01 h 
(whether from 
PIO pin or from 
logic matrix 
output)? 

0 = No 

1 = Yes 


Connect logic input 01 h (AND2) to: 

000 = PIO pin 

001 = Logic 1 

01 0 = Out 2h (AND output) 

011 = Out 3h (NAND output) 

1 00 = Out 4h (OR output) 

101 = Out 5h (XOR output) 

110 = Out 6h (flip-flop 1 output) 

111 = Out 7h (flip-flop 2 output) 


Invert input OOh 
(whether from 
PIO pin or from 
logic matrix 
output)? 

0 = No 

1 = Yes 


Connect logic input OOh (AND1 ) to: 
Referto PCIDV1 A0h[6:4] for decode. 




PCIDV1 Alh Logic Matrix Register 2 Default = OOh 


Invert input 
03h? 

0 = No 

1 = Yes 


Connect logic input 03h (NAND) to: 
Refer to PCIDV1 A0h[6:4] for decode. 


Invert input 
02h? 

0 = No 

1 = Yes 


Connect logic input 02h (AND3) to: 
Referto PCIDV1 A0h[6:4] for decode. 




PCIDV1 A2h Logic Matrix Register 3 Default = OOh 


Invert input 
05h? 

0 = No 

1 = Yes 


Connect logic input 05h (OR2) to : 
Refer to PCIDV1 A0h[6:4] fordecode. 


Invert input 
04h? 

0 = No 

1 = Yes 


Connect logic input 04h (OR1 ) to : 
Referto PCIDV1 A0h[6:4] for decode. 




PCIDV1 A3h Logic Matrix Register 4 Default = OOh 


Invert input 
07h? 

0 = No 

1 = Yes 


Connect logic input 07h (XOR1 ) to: 
Refer to PCIDV1 A0h[6:4] fordecode. 


Invert input 
06h? 

0 = No 

1 = Yes 


Connect logic input 06h (OR3) to : 
Referto PCIDV1 A0h[6:4] fordecode. 


PCIDV1 A4h Logic Matrix Register 5 Default = OOh 


Invert input 
09h? 

0 = No 

1 = Yes 


Connect logic input 09h (XOR3) to: 
Refer to PCIDV1 A0h[6:4] fordecode. 


Invert input 
08h? 

0 = No 

1 = Yes 


Connect logic input 08h (XOR2) to: 
Referto PCIDV1 A0h[6:4] fordecode. 


PCIDV1 A5h Logic Matrix Register 6 Default = OOh 


Invert input 
OBh? 

0 = No 

1 = Yes 


Connect logic input OBh (flip-flop 1, -D input) to: 
Refer to PCIDV1 A0h[6:4] fordecode. 


Invert input 
OAh? 

0 = No 

1 = Yes 


Connect logic input OAh (flip-flop 1, PRE# input) to: 
Referto PCIDV1 A0h[6:4] fordecode. 




PCIDV1 A6h Logic Matrix Register 7 Default = OOh 


Invert input 
ODh? 

0 = No 

1 = Yes 


Connect logic input ODh (flip-flop 1 , CLR# input) to: 
Refer to PCIDV1 A0h[6:4] fordecode. 


Invert input 
OCh? 

0 = No 

1 = Yes 


Connect logic input OCh (flip-flop 1 , CLK input) to: 
Referto PCIDV1 A0h[6:4] for decode. 




PCIDV1 A7h Logic Matrix Register 8 Default = OOh 


Invert input 
OFh? 


Connect logic input OFh (flip-flop 2, CLK input) to: 
Refer to PCIDV1 A0h[6:4] fordecode. 


Invert input 
OEh? 


Connect logic input OEh (flip-flop 1 , D input) to: 
Referto PCIDV1 A0h[6:4] for decode. 



0 = No 

1 = Yes 



0 = No 

1 = Yes 
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Table 3-6 Register Programmable PIO Pins 



6 5 4 3 2 1 



PCIDV1 80h 


PIOO Pin (CDOE#) Function Register 


Default = OOh 


Tristate, pull- 
down PIO pin 
during 
Suspend: 

0 = No 

1 = Yes 


000 = Group 0 (Power Management Inputs) 

001 = Group 1 (Power Control Outputs) 

01 0 = Group 2 (Miscellaneous Outputs) 

011 = Group 3 (Miscellaneous Outputs) 

100 = Group 4 (IDE Controller Outputs) 

101 = Group 5 (Gate Logic Inputs) 

110 = Group 6 (Logic Outputs) 

111 = Group 7 (Reserved) 


0000 = Group sub-function 0 

0001 = Group sub-function 1 

001 0 = Group sub-function 2 

0011 = Group sub-function 3 

0100 = Group sub-function 4 

0101 = Group sub-function 5 

0110 = Group sub- function 6 

0111 = Group sub-function 7 


1 000 = Group sub-function 8 
1001= Group sub-function 9 
1 01 0 = Group sub-function 10 
1011= Group sub-function 1 1 

11 00 = Group sub-function 1 2 

1101 = Group sub-function 1 3 

1110 = Group sub-function 1 4 

1111 = Group sub-function 1 5 





PCI D VI 81 h 


PIOI Pin (TAGWE#) Function Register 


Default = OOh 


PCIDV1 82 h 


PI02 Pin (A DSC#) Function Register 


Default = OOh 


PCIDV1 83h 


PI03 Pin (ADV#) Function Register 


Default = OOh 


PCIDV1 84h 


PI04 Pin (RAS2#) Function Register 


Default = OOh 


PCIDV1 85h 


PI05 Pin (RAS1#) Function Register 


Default = OOh 


PCIDV1 86h 


PI06 Pin (CLKRUN#) Function Register 


Default = OOh 


PCI D VI 87h 


PI07 Pin (REQ1#) Function Register 


Default = OOh 


PCI D VI 88h 


PI08 Pin (REQ2#) Function Register 


Default = OOh 


PCIDV1 89h 


PI09 Pin (DDRQ0) Function Register 


Default = OOh 


PCI D VI 8Ah 


PIO10 Pin (IRQ1) Function Register 


Default = OOh 


PCIDV1 8Bh 


PIOII Pin (IRQ8#) Function Register 


Default = OOh 


PCI D VI 8Ch 


PI012 Pin (IRQ12) Function Register 


Default = OOh 


PCIDV1 8Dh 


PI013 Pin (IRQ14) Function Register 


Default = OOh 


PCI D VI 8Eh 


PIOI 4 Pin (SEL#/ATB#) Function Register 


Default = OOh 


PCI D VI 8Fh 


PI015 Pin (RSTDRV) Function Register 


Default = OOh 


PCIDV1 90h 


PIOI 6 Pin (SA16) Function Register 


Default = OOh 


PCI D VI 91 h 


PIOI 7 Pin (SA17) Function Register 


Default = OOh 


PCIDV1 92h 


PIOI 8 Pin (1016#) Function Register 


Default = OOh 


PCIDV1 93h 


PIOI 9 Pin (Ml 6#) Function Register 


Default = OOh 


PCIDV1 94h 


PIO20 Pin (SBHE#) Function Register 


Default = OOh 


PCIDV1 95 h 


PI021 Pin (SMRD#) Function Register 


Default = OOh 


PCIDV1 96h 


PI022 Pin (SMWR#) Function Register 


Default = OOh 


PCIDV1 97h 


PI023 Pin (ROMCS#) Function Register 


Default = OOh 


PCIDV1 98h 


PI024 Pin (KBDCS#) Function Register 


Default = OOh 


PCIDV1 99h 


PI025 Pin (DRQA) Function Register 


Default = OOh 


PCIDV1 9Ah 


PI026 Pin (DRQB) Function Register 


Default = OOh 


PCIDV1 9Bh 


PI027 Pin (DRQC) Function Register 


Default = OOh 


PCI D VI 9Ch 


PI028 Pin (DRQD) Function Register 


Default = OOh 


PCIDV1 9Dh 


PI029 Pin (DRQE) Function Register 


Default = OOh 


PCIDV1 9Eh 


PIO30 Pin (DRQF) Function Register 


Default = OOh 


PCI D VI 9Fh 


PI031 Pin (DRQG) Function Register 


Default = OOh 
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3.4 Strap Selected Options 

The strap options are selected by connecting a lOkohm Table 3-7 gives the strap options and Table 3-8 shows the 

resistor opposite to the sense of the internal resistor listed. registers used to readbackthe option selected. 

The internal resistor is about 50kohm, so the external resistor 
must be less than 1 0kohm to counteract it. 



Table 3-7 Strap Options 



Pin No. 


Pin Name 


Option 


Internally at Reset 


Description 


N25 


RTCRD# 


PCICLK1 Enable 
PCIDV1 48h[0] 


Pull low (becomes 
GNT1# by default) 


Selects whether: 

-GNT1# comes out (if RTCRD# is sensed low) 
-PCICLK1 comes out (if RTCRD# is sensed high) 


N26 


RTCWR# 


PCICLK2 Enable 
PCIDV1 48h[1 ] 


Pull low (becomes 
GNT2# by default) 


Selects whether: 

-GNT2# comes out (if RTCWR# is sensed low) 
-PCICLK2 comes out (if RTCWR# is sensed high) 


J24:J26 


Bit 1 :0 

ROMCS#: 

KBDCS# 


PCICLK3-5 Enable 
PCIDV1 48h[3:2] 


Pull low (all pins 
take on default 
ISA/CISA function) 


00 = CMD# is CMD#, ATCLK is ATCLK, BALE is BALE 

01 = CMD# => PCICLK3, ATCLK and BALE stay the same 

1 0 = CMD# => PCICLK3, ATCLK => PCICLK4, BALE stays the same 

11 = CMD# => PCICLK3, ATCLK => PCICLK4, BALE => PCICLK5 


AF5 


INTR 


PCIVCC Select 
PCIDV1 48h[4] 


Pull high (PCI is 
3.3V by default) 


Selects whether input threshold on PCI interface is: 
-3.3V (if INTR is sensed high) 

-5.0V (if INTR is sensed low) 


AD5 


NMI 


DRAMVCC Select 
PCIDV1 48h[5] 


Pull high (DRAM is 
3.3V by default) 


Selects whether input threshold on DRAM is: 
-3.3V (if NMI is sensed high) 

-5.0V (if NMI is sensed low) 


AC6 


IGERR# 


ISAVCC Select 
PCIDV1 4 8 h [6 ] 


Pull low (ISA is 
5.0V by default) 


Selects whether input threshold on ISA interface is: 
-3.3V (if IGERR# is sensed high) 

-5.0V (if IGERR# is sensed low) 


H24 


DBEW# 


PPWR Select 
PCIDV1 49h[1] 


Pull low (Normal 
mode is selected by 
default) 


Force SA[23:18] to zero during reset to use as initially low PPWR pins: 
-Normal mode (if DBEW# is sensed low) 

-Initially low PPWR[3:0] and PPWR[9:8] (if DBEW# is sensed high) 


R5 


BOFF# 


PPWR0# Select 
PCIDV1 49h[2] 


Pull low (becomes 
PPWRL by default) 


Selects whether: 

-PPWRL comes out (if line is sensed low) 
-PPWR0# comes out (if line is sensed high) 


N24:R3 


Bit 1 :0 

RTCAS: 

A20M# 


Mode Select 
PCIDV1 49h[3,0] 


Pull high (Normal 
decode, ISA-less 
mode is selected by 
default) 


Selects whether: 

00 = PC98 Mode, ISA-less Mode 

01 = Normal decode ISA mode. ROM, KBC, and RTC on SD bus only 

(XD bus is not sampled during XD bus device read cycles). The 
XD bus is automatically mapped as dedicated primary channel IDE 
control. PCIDV1 46h[6] is ignored. 

1 0 = Normal decode ISA mode, ROM on XD bus only. KBC and RTC 

can be relocated to the SD bus. XD bus can be qualified with 
DBE# to generate IDE control signals. The XD bus data will also 
be driven onto the SD bus during XD bus device read cycles. 

11 = Normal decode, ISA-less Mode 


ABM 


PCICLK0 


MCACHE Support 
PCIDV1 49h[4] 


Pull low (No 
MCACHE support) 


Selects whether: 

0 = No MCACHE support 

1 = MCACHE support enabled 
(Feature is not supported) 


B7 


RSVD 


CPUVCC 


Pull low (CPU is 
3.3V by default) 


Selects whether input threshold on CPU interface is: 
-3.3V (if RSVD is sensed low) 

-2.5V (if RSVD is sensed high) 
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Table 3-8 Strap Option Readback Registers 



7 


6 


5 


4 


3 


2 


1 


0 


PCI D VI 48h 




Strap Option Readback Register (RO) - 


Byte 0 




Default = OOh 


Reserved 


IGERR# strap 
option selects: 

0 = 5.0V ISA 

1 = 3.3V ISA 


NMI strap 
option selects: 

0 = 5.0V DRAM 

1 = 3.3V DRAM 


INTR strap 
option selects: 

0 = 5.0V PCI 

1 = 3.3V PCI 


ROMCS#:KBDCS# strap 
option selects: 

00 = CMD#, ATCLK, BALE 

01 = PCICLK3, ATCLK : BALE 

10 = PCICLK3, PCICLK4, BALE 

11 = PCICLK3, PCICLK4, 

PCICLK5 


RTCWR# strap 
option selects: 

0 = GNT2# 

1 = PCICLK2 


RTCRD# strap 
option selects: 

0 = GNT1# 

1 = PCICLK1 


PCI D VI 49 h 




Strap Option Readback Register (RO) - 


Byte 1 




Default = OOh 


Reserved 


PCICLK0 strap 
option selects: 

0 = No 

MCACHE 

1 = MCACHE 

enabled 
Not supported. 


RTCAS 
strap selects* 1 ) 


BOFF# strap 
option selects: 

0 = PPWRL 

1 = PPWR0# 


DBEW# strap 
option selects: 

0 = SA[23:18] 

pins are 
SA[23:8] 
signals 

1 = SA[23:18] 

pins are 
remapped: 
SA[23:20] = 
PPWR[3:0] 
and 

SA[19:1 8] = 
PPWR[9:8] 


A20M# 

strap selects* 1 ' 



(1) Bits 3 and 0 work together: 00 = NEC mode & No ISA mode 

01 = ISA mode without XD bus 

1 0 = ISA mode with XD bus 

11 = No ISA mode 
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4.0 Functional Description 

4.1 Buses and Concurrency 

The FireStar architecture is built around multiple system 
buses. These are independent buses except for ISA/Com- 
pact ISA, IDE, and the X bus, which all share at least part of 
their pins. The buses are described below in the order of 
decode priority. If no priority is listed within a group, then 
there is no implied priority (no conflicts among participating 
devices). 

4.1 .1 Cycles Originating from CPU 

Cycles started by the CPU go first to DRAM and/or L2 cache, 
then to PCI. From PCI the cycle can be: 

• Positively decoded by the FireStar logic itself, in the case 
of IDE or known ISA devices. 

• Positively decoded by a local device on the PCI bus. 

• Positively decoded by a bridge chip such as the 82C824 
CardBus/Docking Controller, subject to later rejection if no 
downstream device claims the cycle (the aborted cycle 
eventually gets claimed by the local ISA bus). 

• Subtractively decoded and forwarded to ISA/CISA. 

The highest priority in any CPU-initiated cycle will always be 
to the locally decoded L2 cache and DRAM. The ranges 
decoded: 

Logic Memory Ranges Decoded 

CPU/L2 cache 0-1 28MB 

DRAM 0-51 2MB 



If there is no decode by local memory, the cycle goes out on 
the PCI bus. There are three possible cases of how the 
FireStar system handles the cycle on PCI, according to its 
intended destination: 

• Cycles destined for a known local device. 

• Cycles destined for unknown device on PCI, local Com- 
pact ISA, or local ISA. 

• Cycles destined for a docking station ISA bus device. 

4.1 .1.1 Cycles Destined for a Known Local Device 

For access to all devices known to FireStar, such as local 
IDE, ROM, RTC, local ISA floppy, etc., the PCI cycle is auto- 
matically remapped to an address space in high memory (a 
"base address" register is provided in the PCI configuration 
register space). The full list of positively decoded devices is 
provided in Section 4. 9. 4.1, "PCI Positive Decode for ISA". In 
this way, PCI bus devices will not attempt to claim the cycle. 
FireStar always responds to this cycle with a fast PCI 
decode. 

PCI bus masters other than FireStar do not need to issue a 
remapped address to access local devices. In this case, 
FireStar must wait for the subtractive decode clock before 
claiming the cycle. 

Table 4-1 indicates the cycles considered for positive 
decode/remapping, ordered by priority. 



Table 4-1 Cycle Decode 



Bus/Device 


Memory Address 
Ranges 


I/O Address Ranges 


Remapped 


Decode 


X 


COOOO-FFFFFh 


060, 064, 070-1 h 


MemBase or lOBase 
+ original address 


Positive by FireStar 


IDE (PIO mode) 


- 


1F0-7, 3F6-7, 170-7, 
376-7h 


lOBase + original 
address 


Positive by FireStar 


Known local ISA 
devices 


Defined by PMI 
decode 


Defined by PMI 
decode 


MemBase or lOBase 
+ original address 


Positive by FireStar 


PCI 


All 


All 


No 


Positive by PCI device 


Docking Station ISA 


All 


All 


No 


Positive by PCI device 


Unknown local ISA 
devices, Compact ISA 


All non-local DRAM 
space, or DRAM 
"holes" 


x100-x3FFh 


No 


Subtractive by 
FireStar 
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4.1 .1.2 Cycles Destined for Unknown Devices on PCI, 
Local Compact ISA, or Local ISA 

For accesses whose owner is not known beforehand to the 
FireStar logic, the cycle presented on PCI is the same one as 
generated by the CPU. FireStar monitors DEVSEL#: If no 
PCI device claims the cycle, FireStar claims it at the subtrac- 
tive decode clock and passes it to the local ISA controller. 
Local ISA always claims unclaimed cycles. Even if no ISA 
device is present to receive the cycle, PCI will see a normal 
cycle termination. 

4.1 .1 .3 Cycles Destined for a Docking Station ISA Bus 
Device 

Cycles that might be destined for docking station ISA will be 
claimed on the medium decode clock by the 82C824 chip. If 
the 82C825 PCI-ISA bridge cannot complete the cycle (no 
ISA device responds), FireStar logic must have some means 
of recovering the cycle. 

Therefore, the 82C824 logic immediately and automatically 
retries all cycles to ISA windows (programmable on a per- 
window basis in the 82C824 registers) while it attempts to 
complete the access through the 82C825 bridge. The 
82C824 continues to claim all retries while it awaits a 
response from the 82C825 chip. 

Two outcomes to the PCI cycle on bus 0 are possible. 



1 ) If the attempt to complete a cycle on the 82C825 ISA bus 
is successful, the 82C824 completes the cycle with the 
primary PCI bus master (FireStar or other master) on a 
later retry. FireStar will retry such cycles up to a pro- 
grammable limit. Refer to Section 4. 9. 4. 2, "Remote ISA 
Support" for details on how the FireStar/82C824/82C825 
solution recognizes "claimed" cycles on ISA. 

2) If the 82C825 fails to determine that an ISA device has 
claimed the cycle, it will end its PCI cycle with a Target 
Abort. As a result, the 82C824 chip, which has been forc- 
ing retry attempts on the primary side up until now, will 
simply ignore the next retry. In this way, FireStar will 
claim the cycle through subtractive decoding and pass it 
to its local ISA bus. 

Figure 4-1 illustrates the multi-bus concept needed when 
using ISA on a docking station. 

FireStar implements a register to limit the number of retries. 
In this way, a system hang condition can be resolved by 
allowing SMM or other code to interrogate the 82C824 chip 
and determine why the cycle cannot proceed. For example, if 
a bad docking connection has caused the 82C824 to be 
unable to properly complete its cycle, FireStar can still 
recover gracefully on the primary side after its retry limit has 
been reached. 



Figure 4-1 Multiple ISA Bus Support 
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4.1 .2 Concurrent Bus Operation 

The independent nature of the buses allows all common bus 
operations to run concurrently. The only concurrency restric- 
tions involve the low-speed slave buses, as follows. 

• PIO mode IDE cycles effectively block all system buses if 
the cycles are initiated by the CPU, since the I/O cycle 
must first go through PCI. Bus master mode IDE cycles do 
not block the CPU. 

• BIOS ROM cycles on the X bus block the IDE bus because 
they use the IDE control bus. 

• RTC and keyboard controller cycles on the X bus block 
only IDE operations because they use the IDE control bus. 

• ISA cycles block IDE cycles because they use the IDE 
data bus. 

Since the BIOS is usually shadowed in DRAM, it will only be 
accessed at system boot time. Therefore, it is reasonable to 
summarize that only ISA cycles to unknown (non-positively 
decoded) devices will significantly reduce system perfor- 
mance. System designs should avoid integrating ISA bus 
devices where possible in order to allow maximum concur- 
rency. 

4.2 Intermodule Communications 

The operations of the FireStar chip are specified in terms of 
communication sequences between logic modules. For 
example, a CPU write to DRAM can be broken down into two 
intermodule communication sequences: CPU to post-write 
buffers, then post-write buffers to DRAM. 

The following sub-sections highlight specific aspects of inter- 
module communications in FireStar. 

4.2.1 Read: CPU < DRAM or L2 Cache 

Memory read cycles on the CPU interface are always 
directed to both the L2 cache controller and to the DRAM 
interface, in parallel. The memory controller always starts a 
memory read cycle to DRAM while it is waiting for the L2 
cache tag comparison results, as long as the DRAM is not 
busy (such as for a PCI bus master access to DRAM). If the 
data turns out to be in L2 cache, the memory controller sim- 
ply terminates the DRAM cycle. 

Starting the cycle early allows the DRAM controller to gener- 
ate an address on the MA lines and drop its RAS# line in 
preparation for the possible access to come. 



4.2.2 Write: CPU > DRAM or L2 Cache 

Any write to memory, whether destined for DRAM or PCI, is 
first posted to the post write buffers. The CPU interface logic 
controls the burst at its fastest speed, and can generate NA# 
at the appropriate time to pipeline the succeeding burst. The 
chip can accommodate six qwords (quadwords - 64-bit data 
words) for full-speed (no wait state) pipelined burst cycles 
even at 66MHz. 

Once the post-write buffer is filled up, the CPU interface logic 
inserts CPU wait states to prevent further writes until some of 
the DRAM writes are completed. However, the CPU will be 
allowed to continue writing, one burst at a time, as the buffer 
empties (non-blocking feature). 

4.2.3 Cache Write Hit - Write Cycles from CPU to 
L2 Cache 

The FireStar solution minimizes the penalty of eventual write- 
back cycles to DRAM by using the OPTi-proprietary adaptive 
writeback scheme. In adaptive writeback mode, CPU writes 
to memory are automatically written-through to DRAM 
instead of being written only to L2 cache for a later writeback 
to DRAM. However, this action occurs only if a specified 
number of write buffers is available (programmable). 

If the write buffers are filled above the limit (programmable), 
the system enters normal writeback mode and only updates 
the L2 cache. It will write the data back to DRAM only when 
that cache line is replaced in L2 cache. 

4.2.4 L2 Cache Inquiries from PCI 

PCI bus memory transactions are automatically presented on 
the CPU bus to determine whether the data exists in L2 
cache. If so: 

• For a PCI memory write cycle, the cache line will be invali- 
dated. 

• For a PCI memory read cycle in the local DRAM range, the 
cache line will be written back to the DRAM while the PCI 
read cycle is taking place. In this case, the PCI read cycle 
takes place concurrently with the writeback cycle to 
DRAM. 

This mode of operation optimizes operations on PCI that 
involve DRAM. 
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4.3 Reset Logic 

The PWRGD input is used to generate the CPU and the sys- 
tem reset, RESET#. PWRGD is a “cold reset" which is gener- 
ated when either PWRGD goes low (from the power supply, 
indicating a low power condition) or the system reset button is 
activated. When PWRGD makes a low-to-high transition, 
RESET# will go active and will remain active for at least 1ms 
after PWRGD goes high. The PCI clock input to FireStar is 
used for timing the RESET# pulse width and must be running 
during reset. The RESET# output may be used to generate 
reset for all system devices. In addition, FireStar generates 
reset on the RSMRST signal which may be used to reset 
devices on power-up and also on a Resume from Suspend. 
The duration of the RSMRST pulse on power-up is fixed and 
is the same as the duration of the RESET# signal. However, 



the duration of the RSMRST pulse on Resuming from Sus- 
pend can be programmed as 8ms, 32ms, 128ms, 32 ps, or 
Is. Refer to Table 4-2. 

The CPUINIT signal is used to initialize the 3.3V CPU during 
warm resets. CPUINIT is generated for the following cases: 

• When a shutdown condition is decoded from the CPU bus 
definition signals, the 82C700 will assert CPUINIT for 

15 T-states. 

• Keyboard reset to I/O Port 064h. 

• Fast reset to I/O Port 092h. 



Table 4-2 Resume Recovery Control Bits 



7 


6 


5 


4 


3 


2 


1 


0 


SYSCFG 68h 






Clock Source Register 3 






Default = OOh 








Resume recovery time: 

00 = 8ms 10 = 128ms 

01 =32ms 11 = 30 gs 

Note: Ignored if BEh[0] = 1. 




SYSCFG BEh if AEh[7] = 0 


Idle Reload Event Enable Register 2 


Default = OOh 
















Override 

SYSCFG 

68h[3:2]: 

0 = No 

1 = Recover 

time Is 
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4.4 System Clocks 

4.4.1 CPU and FireStar Clocks 

The master CPU clock input to FireStar, CPUCLKIN, is a sin- 
gle phase clock which is used to sample all host CPU syn- 
chronous signals and for clocking its internal state machines, 
CPUCLKIN must be earlier than the clock to the CPU and 
should lead by 1.5-2. 5ns. 

Figure 4-2 shows a typical CPU and FireStar clock distribu- 
tion circuit. PPWR1# is an inverted output of PPWR1 that is 
output by FireStar that can be used to power off the clock 
generator in Suspend. Note that in Suspend, all clocks in the 
system may be powered off except the OSC32 clock input to 
FireStar. This clock is used by FireStar to track various power 
management events. PPWRO# can be used to turn off the 



CPU clock during APM for greater power savings on the CPU 
in the Stop Clock state. L2CLKOE can be used to dynami- 
cally control the clock to the synchronous cache. 

4.4.2 PCI Bus Clocks 

FireStar requires PCICLK for the PCI interface. PCICLK can 
be synchronous or asynchronous. Figure 4-2 also shows a 
typical clock generation and distribution scheme for PCICLK. 
In order to support synchronous PCI operation, the leading 
edge of the PCI clock input to FireStar must not lag or lead 
the leading edge of the CPU clock from which it is derived by 
more than 1 ns. PCICLKOE can be used to turn off the clocks 
to all PCI devices except FireStar in APM. 



Figure 4-2 Typical CPU and FireStar Clock Distribution 



PPWR1# 



L2CLKOE 



PPWRO# 



PCICLKOE 




Note: All control inputs are high for operation and low for stop. 
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4.4.2.1 PCI Clock Generation 

FireStar provides CLKRUN#-controlled clocks to multiple PCI 
devices. The clocks are derived from the PCICLKIN line. This 
clock is fed directly to the system logic. A partial-clock delay 
is introduced to correct for the output buffer delay and the cir- 
cuit board trace delay, and the clocks are fed out to one or 
more output lines. 

PCICLKIN should be exactly in phase with the CPUCLKIN 
signal for high-performance synchronous operation. Figure 4- 
3 illustrates the clocking arrangement. 



Buffered PCICLK Outputs 

Up to five buffered PCICLK sources are available as strap- 
selected options on certain output-only pins. For example, if 
the ATCLK signal is not needed in the system, it can be reas- 
signed at reset as a PCICLK source for one PCI device. 

The internal PCI clock skew is corrected through an internal 
delay line. Programming the delay line introduces any 
needed delay to account for trace delays to the external 
devices. This scheme eliminates the need to use external 
components to adjust clock skew. Note that three of the 
options are on the ISA power plane, and therefore may not 
be appropriate if PCI and ISA are at different voltages. 



Figure 4-3 System Clock Generation 



From Clock 
Generator 

50 to 66MHz 



From Clock 
Generator 



From PCI 
Bus 
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Each PCICLK output is individually controlled by the CLK- 
RUN# circuitry. In this way, devices that do not support CLK- 
RUN# can be supported along with those that do. 

The alternative option to reassigning FireStar pins as PCI 
clock outputs is to use externally buffered versions of the 
main PCICLK signal to drive PCI devices. 

Programming 

The PCICLK outputs 1-5 are enabled as strap-selected fea- 
tures. Once enabled, PCIDV1 68h through 6Bh control the 



clock delay and stop/start each clock individually (refer to 
Table 4-3). 

On reset, the delay circuit is disabled and the input clock is 
output directly to the outputs. The internal delay of the chip 
will cause the output to be delayed from the input by 3-6ns. 

Clock Throttling 

FireStar fully supports power management by CPU clock 
throttling. PCI bus clocking is controlled by CLKRUN#, which 
the chip will attempt to deassert each time the CPU is put into 
a power-saving mode. 



Table 4-3 PCICLK Outputs Programming Registers 



7 6 


5 


4 


3 


2 


1 


0 


PCI D VI 68h PCICLK Control Register 1 Default = FFh 


Reserved 


PCICLK5: 

0 = Disable 

1 = Enable 


PCICLK4: 

0 = Disable 

1 = Enable 


PCICLK3: 

0 = Disable 

1 = Enable 


PCICLK2: 

0 = Disable 

1 = Enable 


PCICLK1 : 

0 = Disable 

1 = Enable 


PCICLK0: 

0 = Disable 

1 = Enable 




PCI D VI 69h PCICLK Control Register 2 Default = OOh 


Reserved 


PCICLK5 
affected by 
CLKRUN#: 

0 = No 

1 = Yes 


PCICLK4 
affected by 
CLKRUN#: 

0 = No 

1 = Yes 


PCICLK3 
affected by 
CLKRUN#: 

0 = No 

1 = Yes 


PCICLK2 
affected by 
CLKRUN#: 

0 = No 

1 = Yes 


PCICLK1 
affected by 
CLKRUN#: 

0 = No 

1 = Yes 


PCICLK0 
affected by 
CLKRUN#: 

0 = No 

1 = Yes 



PCI D VI 6Ah 



PCICLK Skew Adjust Register for PCICLK 0, 1, 2 



Default = OOh 



Reserved: 
For PCICLK 
debug 
purposes. 



Coarse adjustment: 
000 = No delay 



001 = (PCICLK period 

010 = (PCICLK period 

011 = (PCICLK period 4-2) + 

100 = (PCICLK period 

101 = (PCICLK period 

110 = (PCICLK period -2) + 

111 = (PCICLK period +2) + 



2) + ~4ns 
■2) + ~8ns 
12ns 
■2) + -1 6ns 
2) + -2 0ns 
■24ns 
28ns 



Reserved 



Fine adjustment: 

000 = No delay 

001 = Add ~1 ns 

010 = Add ~2ns 

011 = Add ~3ns 

100 = Add ~4ns 

101 = Add ~5ns 

110 = Add ~6ns 

111 = Add ~7ns 



Note: If both coarse adjustment and fine adjustment are set to 0 (no delay), PCICLKIN will be routed to PCICLK output with no compensation. 



PCI D VI 6Bh 



PCICLK Skew Adjust Register for PCICLK 3, 4, 5 



Default = OOh 



Reserved: 
For PCICLK 
debug 
purposes. 



Coarse adjustment: 
No delay 

■2) + ~4ns 



000 

001 = (PCICLK period 

010 = (PCICLK period 

011 = (PCICLK period +2) 

100 = (PCICLK period 

101 = (PCICLK period 
110 = (PCICLK period 



111 = (PCICLK period +2) + ~28ns 



■2) + ~8ns 
12ns 



■2) + ~1 6ns 
2) + -2 0ns 



2) + ~24ns 



Reserved 



Fine adjustment: 

000 = No delay 

001 = Add ~1 ns 

010 = Add ~2ns 

011 = Add ~3ns 

100 = Add ~4ns 

101 = Add ~5ns 

110 = Add ~6ns 

111 = Add ~7ns 



Note: If both coarse adjustment and fine adjustment are set to 0 (no delay), PCICLKIN will be routed to PCICLK output with no compensation. 
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4.4.3 ISA Bus Clocks 

FireStar generates the ISA bus clock (ATCLK) from an inter- 
nal division of PCICLK. The ATCLK frequency is programma- 
ble and can be set to any of the four clock division options 
through PCIDV1 47h[5:4] (see Table 4-4). This allows the 
system designer to tailor the ISA bus clock frequency to sup- 
port a wide range of system designs and performance plat- 
forms. 

4.4.4 Clock Control 

In addition to the PPWRO clock control, the FireStar power 
management unit (PMU) provides the L2CLKOE signal as an 
option on PIO pins. The two signals function in a slightly dif- 
ferent manner. 

• PPWRO automatically goes low to turn off the clock to the 
CPU during APM Doze mode. The toggle occurs only after 
the PMU has received the Stop Grant cycle from the CPU, 
Once an interrupt event comes in to wake the system out 
of Doze mode, PPWRO goes high again to restart the 
clock generator. The STPCLK# signal to the CPU remains 
asserted for an additional 1 ms to allow the PLL of the CPU 
to stabilize. 



• L2CLKOE automatically goes low to turn off the clock to 
the L2 cache any time Stop Grant mode is active on the 
CPU. As with PPWRO, the toggle occurs only after the 
PMU has received the Stop Grant cycle from the CPU. 
However, L2CLKOE stays low until STPCLK# is removed. 
Therefore, it can be used to save power during CPU clock 
throttling, when the STPCLK# pin to the CPU is asserted 
on a periodic basis but the CPU clock is not stopped. 
PPWRO does not toggle during clock throttling. 

Either one or both of these signals can be used to minimize 
power consumption in a low-power design. PPWR1 is also 
available as the master control for all system clocks. It is used 
to shut off the clock generator completely during Suspend. 

4.4.5 L2 Cache Clock Control 

FireStar generates the L2CLKOE control to the clock genera- 
tor to allow it to stop the clock to the L2 cache. This pin is 
deasserted when the cache is not being accessed, when the 
CPU is in Stop Grant state. The L2 cache clock runs at all 
other times, since the cache must be able to latch an upcom- 
ing CPU address even before any CPU command lines go 
active. 

L2CLKOE is a programmable pin option and can be assigned 
to any available PIO pin. 



Table 4-4 ATCLK Frequency Control Register Bits 



7 


6 


5 


4 


3 


2 


1 


0 


PCI D VI 47h 






PCI Control Register B - Byte 1 






Default = OOh 






ATCLK frequency: 
00= PCICLK -4 
01 = PCICLK -3 
10= PCICLK -2 
11 = PCICLK 
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4.5 Cache Subsystem 

The integrated cache controller, which uses a direct-mapped, 
scheme dramatically boosts the overall performance of the 
local memory subsystem by caching writes as well as reads 
(writeback mode). The cache controller also supports 256KB, 
512KB, 1MB, and 2MB of synchronous SRAM in a single/ 
double bank configuration. Two programmable non-cache- 
able regions are provided. The cache controller operates in a 
non-pipelined or a pipelined mode, with a fixed 32-byte line 
size (optimized to match a CPU burst linefill) in order to sim- 
plify the motherboard design without increasing cost or 
degrading system performance. The secondary cache oper- 
ates independently and in addition to the CPU's internal 
cache. 

The cache controller of Fi reStar has a built-in tag comparator 
which improves system performance while reducing compo- 
nent count on the system board. The controller features a 64- 
bit wide data bus with 32-byte CPU burst support. The cache 
controller supports writeback, adaptive writeback, and write- 
through schemes. 

The cache controller uses a 32-byte secondary cache line 
size. It supports 3-1 -1-1 burst read/write for pipelined syn- 
chronous SRAMs. 2-1 -1-1 burst read/write cycles are sup- 
ported for standard synchronous SRAMs at 50MHz. In this 
case, the ADSC# output of the processor needs to be con- 
nected to the ADSC# input of the synchronous SRAM. The 8- 
bit tag has a “dirty” bit option for the writeback cache. 

4.5.1 CPU Burst Mode Control 

FireStar fully supports the 64-bit wide data path for the CPU 
burst read and burst write cycles. The cache and DRAM con- 
trollers in FireStar ensure that data is burst into the CPU 
whenever the CPU requests a burst linefill or a burst write to 
the system memory. 

FireStar contains separate burst counters to support DRAM 
and external cache burst cycles. The DRAM controller per- 
forms a burst for the L2 cache read miss linefill cycle (DRAM 
to L2 cache and CPU) and the cache controller burst sup- 
ports the CPU burst linefill (3.3V Pentium and K5 burst linefill 
and the Cyrix Ml linear burst linefill) for the L2 cache hit cycle 
(L2 cache to the 3.3V Pentium CPU). Depending on the kind 
of processor being used, either the 3.3V Pentium quad-word 
burst address sequencing or the Cyrix Ml quad-word linear 
burst address sequencing is used for all system memory 
burst cycles. 



4.5. 1.1 Cyrix Linear Burst Mode Support 

FireStar supports the Cyrix linear burst mode. SYSCFG 
17h[0] determines which burst mode is to be implemented, 
the Intel 3.3 V Pentium CPU burst mode or the Cyrix linear 
burst mode. No additional hardware is required for supporting 
either of these modes. 

When using a synchronous SRAM solution, care must taken 
that the synchronous SRAM burst protocol complements the 
processor’s burst protocol. 

Table 4-5 shows the burst mode sequence for both of these 
processors and Table 4-6 highlights the register bits that 
need to be programmed upon system burst mode selection. 



Table 4-5 Burst Modes 



1st 


2nd 


3rd 


4th 


Address 


Address 


Address 


Address 


Cyrix Linear Burst Mode 


0 


8 


10 


18 


8 


10 


18 


0 


10 


18 


0 


8 


18 


0 


8 


10 


Intel/AMD Burst Mode 


0 


8 


10 


18 


8 


0 


18 


10 


10 


18 


0 


8 


18 


10 


8 


0 
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Table 4-6 Burst Mode Control Register Bit 



7 


6 


5 


4 


3 


2 


1 


0 


SYSCFG 17h 






PCI Cycle Control Register 2 






Default = OOh 














Burst type: 

0 = Intel burst 

protocol 

1 = Cyrix linear 

burst 

protocol 


1 


; 1 




i 


i 


i|ij 






SYSCFG ODh 






Clock Control Register 






Default = OOh 












Add one more 
wait state dur- 
ing PCI master 
cycle with Intel- 
type address 
toggling* 1 *: 

0 = No 

1 = Yes 






(1 ) If the PCI master does its address toggling in the style of the Intel 486 burst, rather than a linear burst mode style, then one wait state 
needs to be added. 



4.5.2 Cache Cycle Types 

Some cache terminology and cycle definitions that are 
chipset specific: 

The cache hit/miss status is generated by comparing the 
high-order address bits (for the memory cycle in progress) 
with the stored tag bits from previous cache entries. When a 
match is detected and the location is cacheable, a cache hit 
cycle takes place. If the comparator does not detect a match 
or a non-cacheable location is accessed (based on the inter- 
nal non-cacheable region registers), then the current cycle is 
a cache miss. 

A cache hit/miss decision is always made at the end of the 
first T2 for a non-pipeline cycle and at the end of the first T2P 
for a pipeline cycle, so the SRAM read/write cycle will begin 
after the first T2 or T2P. The cacheable decision is based on 
the DRAM bank decodes and the chipset’s configuration reg- 
isters for non-system memory areas and non-cacheable area 
definitions. If the access falls outside the system memory 
area, it is always non-cacheable. 

The dirty bit is a mechanism for monitoring coherency 
between the cache and system memory. Each tag entry has 
a corresponding dirty bit to indicate whether the data in the 
represented cache line has been modified since it was 
loaded from system memory. This allows FireStar to deter- 
mine whether the data in the system memory is “stale” and 
needs to be updated before a new memory location is 
allowed to overwrite the currently indexed cache entry, 
FireStar supports several Tag/Dirty schemes and those are 
described in Section 4. 5. 3. 7, Tag and Dirty RAM Implementa- 
tions, on page 56. 



A linefill cycle occurs for a cache read miss cycle. It is a 
data read of the new address location from the system mem- 
ory and a corresponding write to the cache. The tag data will 
also be updated with the new address. 

A castout cycle occurs for a cache read miss cycle, but only 
if the cache line that is being replaced is “dirty”. In this cycle, 
the dirty cache line is read from the cache and written to the 
system memory. The upper address bits for this cycle are 
provided by the tag data bits. 

A writeback cycle consists of performing a castout cycle fol- 
lowed by a linefill cycle. The writeback cycle causes an entire 
cache line (32 bytes) to be written back to memory followed 
by a line burst from the new memory location into the cache 
and to the CPU simultaneously. The advantages of perform- 
ing fast write cycles to the cache (for a write hit) typically out- 
weigh the cycle overhead incurred by the writeback scheme. 

4.5.3 Cache Operation 

The following section describes the cache operation on 
FireStar. 

4.5.3. 1 L2 Cache Read Hit 

On an LI read miss and an L2 read hit, the secondary cache 
provides data to the CPU. FireStar follows the CPU's burst 
protocol mode (i.e . , either linear or non-linear) to fill the pro- 
cessor's internal cache line. 

The cache controller will sample CACHE# from the CPU at 
the end of T1 and perform a burst read if CACHE# is sampled 
active. The first cache read hit for a cycle is always one wait 
state. If a read cycle can be converted to a burst, the read 
cycle is extended for the additional three words continuing at 
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one wait state per cycle. To achieve the burst at this rate, the 
hit or miss decision must be made before BRDY# is returned 
to the CPU at the end of the second T2. The cache hit com- 
parator in Fi reStar compares the data from the tag RAM with 
the higher address bits from the CPU bus. The output of this 
comparator generates the BRDY# signal to the 3.3V Pentium 
CPU. The tag comparator's output is sampled at the end of 
the first T2, and BRDY# is generated one clock later for 
cache hits, resulting in a leadoff of three cycles. BRDY# will 



go inactive to add wait states depending on the wait states 
programmed. Refer to Table 4-8 for the tag compare table. 

The data output for the SRAM is controlled by a separate out- 
put enable (CDOE#). The CDOE# generation for the leadoff 
cycle is based on address bit A3 from the CPU. The output 
enable CDOE# will be active for the complete cycle. 

Figure 4-4 shows an example of an L2 cache read hit cycle 
using synchronous SRAMs. 
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4.5.3. 2 L2 Cache Write Hit Cycle 

Write-through Mode: In this mode, data is always written to 
the L2 cache and to the system memory. The dirty bit is not 
used. When the write to the system memory is completed, 
BRDY# is returned to the CPU. 

Writeback Mode: For a write hit case, the data is written only 
to the L2 cache (the system memory is not updated) and the 
dirty bit is always made dirty. The cache controller will sample 
CACHE# from the CPU at the end of T1 and execute a burst 



write if CACHE# is sampled active, otherwise the cycle will 
end in a single write. In this mode, the write cycle is com- 
pleted in a 3-1 -1-1 burst. 

For writes, only the byte requested by the CPU can be written 
to the cache. This is done by using the BEx# from the CPU to 
control the SRAM write enable signals. 

Figure 4-5 shows an example of a write hit burst cycle in 
writeback mode using synchronous SRAMs. 
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4.5.3. 3 L2 Cache Read Miss 

Writeback Mode: There are two cache read miss cases 
depending on the status of the dirty bit, 

CASE 1 : Read miss of a “clean” cache line. 

In this case, only a linefill cycle is executed. The L2 cache 
line that is to be replaced with a new line from the DRAM will 
just be overwritten. The linefill cycle is done by reading the 
new data from the system memory first and then the data is 
simultaneously written to both the CPU and the secondary 
cache. 

The sequence for CASE 1 linefill is: System memory read 
=> write to the L2 cache + CPU read. 

The cache controller will update the tag data bits and the dirty 
bit in the background during the linefill cycle. At the end of T1 , 
if the CACHE# signal from the CPU is negated, a linefill cycle 
will not be executed. Instead, only the eight bytes requested 
by the CPU will be read from the system memory. The tag 
and the dirty bit will not be updated. 

CASE 2: Read miss with cache line dirty. 

The cache line for this case has been modified and only the 
LI and L2 cache have the updated copy of the data. Before 
this line is overwritten in the cache, the modified line must 
first be written to the system memory by performing a castout 
cycle. After the completion of the castout cycle, a linefill cycle 
is executed. The linefill cycle is performed by reading the new 
data from the system memory and then simultaneously writ- 
ing this data to the CPU and the secondary cache. 

The sequence for CASE 2 is: Read the dirty line from L2 
cache => write to the system memory => new line read from 
system memory ^ write to the L2 cache + CPU read. 

The cache controller will update the tag data bits and the dirty 
bit in the background during the castout cycle. If the CACHE# 
signal from the CPU is inactive, then the eight bytes 
requested by the CPU will be read from the system memory. 
The tag and the dirty bit are not updated. 



4.5. 3.4 L2 Cache Write Miss 

Writeback or Write-through Cases: The data is not written 
to the SRAM and the tag data remains unchanged. The data 
is written only to the system memory. 

If the write buffer and DRAM posted write is enabled then is 
available, it is stored there and the cycles are posted writes to 
the DRAM. If the target is on the PCI or ISA bus, the cache 
controller will not be active. 

4.5.3.5 Write Policies 

Any of the following three write policies supported by FireStar 
can be chosen: writeback, write-through, and adaptive write- 
back, by programming SYSCFG 02h[5:4] and SYSCFG 
08h[1] (as shown in Table 4-7). 

Depending on the state of these bits and the type of DRAM 
cycle that would be required to complete the write hit cycle, 
the cache controller decides whether to update the DRAM 
memory, however, the cache is always updated. The adap- 
tive writeback policy tries to reduce the disadvantages of both 
the write-through and the writeback schemes to a minimum. 
The adaptive writeback scheme converts a write hit cycle to a 
write through cycle only if the address location being written 
to corresponds to a page hit. In this manner, this scheme 
incurs a four CLK penalty for a burst write cycle but it saves a 
13 CLK penalty (for a castout cycle) that would have occurred 
later due to a read miss access. There are two adaptive 
writeback modes. 

Write-Through on Page Hit and RAS# Active 
(AWB Model) 

In this mode, the data is written through to the DRAM on a 
write hit if the address being written to causes a page hit and 
the corresponding RAS# signal is active. The data will not be 
written through if, either the RAS# is inactive or if it is a page 
miss. In this case, the write hit cycle completes in the same 
manner as in a writeback scheme. 

Write-Through on Page Hit (AWB Mode 2) 

In this mode, data is written through to the DRAM on a write 
hit if the address being written to causes a page hit. RAS# 
being active/inactive does not come into consideration when 
making this decision. 



Table 4-7 Register Bits Associated with Write Policies 



7 6 


5 4 


3 2 


1 


0 


SYSCFG 02h Cache Control Register 1 Default = OOh 




L2 cache write policy: 

00 = L2 cache write-through 

01 = Adaptive writeback Mode 1 

1 0 = Adaptive writeback Mode 2 

11 = L2 cache writeback 








I I 
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Table 4-7 Register Bits Associated with Write Policies (cont.) 
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Table 4-7 Register Bits Associated with Write Policies (cont.) 



7 


6 


5 


4 


3 2 


1 0 


SYSCFG 06h Shadow RAM Control Register 3 Default = OOh 






COOOOh- 

C7FFFh 

cacheability: 

0 = Not 

cacheable 

1 = Cacheable 

in LI and L2 
(LI dis- 
abled by 
SYSCFG 
08h[0]) 


FOOOOh- 

FFFFFh 

cacheability: 

0 = Not 

cacheable 

1 = Cacheable 

in LI and L2 
(LI dis- 
abled by 
SYSCFG 
08h[0]) 


FOOOOh-FFFFFh 
read/write control: 

00 = Read/write PCI bus 

01 = Read from DRAM/write to 

PCI 

1 0 = Read from PCI/write to 

DRAM 

11 = Read/write DRAM 

If SYSCFG 04h[2] = 1 , then the 
EOOOOh-EFFFFh read/write con- 
trol should have the same setting 
as this. 


EOOOOh-EFFFFh 
read/write control: 

00 = Read/write PCI bus 

01 = Read from DRAM/write to 

PCI 

1 0 = Read from PCI/write to 

DRAM 

11 = Read/write DRAM 



4.5.3.6 Tag Compare Table 

The upper address bits used to compare for a L2 cache hit 
status will depend on the total L2 cache size. Table 4-8 



shows the address bits from the CPU bus and the tag data bit 
used in the tag comparator of FireStar. Figure 4-6 shows the 
block diagram of the L2 cache tag structure. 



Table 4-8 Tag Compare Table 



Tag Data 


L2 Cache Size 


64KB 


128KB 


256KB 


512KB 


1MB 


2MB 


TAG0 


A16 


A24 


A24 


A24 


A24 


A24 


TAG1 


A17 


A17 


A25 


A25 


A25 


A25 


TAG2 


A18 


A18 


A18 


A26 


A26 


A26 


TAG3 


A19 


A19 


A19 


A19 


A27 


A27 


TAG4 


A20 


A20 


A20 


A20 


A20 


A28 


TAG 5 


A21 


A21 


A21 


A21 


A21 


A21 


TAG 6 


A22 


A22 


A22 


A22 


A22 


A22 


TAG7 


A23 


A23 


A23 


A23 


A23 


A23 


Dirty Bit 


Dirty 


Dirty 


Dirty 


Dirty 


Dirty 


Dirty 



Figure 4-6 Internal Tag Comparator Block Diagram 
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4.5.3.7 Tag and Dirty RAM Implementations 

There are various tag/dirty RAM implementations supported 
by FireStar. Table 4-9 shows the tag and dirty RAM register 
programmable bits located in SYSCFG 16h. 

Combined Tag/Dirty RAM Implementation 

There are various ways of achieving a combined tag/dirty 
RAM implementation. 

A 32Kx9 SRAM can be used to implement eight tag bits and 
one dirty bit. In this case, the TAGWE# signal from FireStar is 
used to update both the tag and dirty information. The OE# 
signal of the 32Kx9 SRAM can be connected to the 
DIRYTWE# signal from FireStar or it can be tied to GND. The 
DIRTYI signal FireStar becomes a bidirectional signal and it 
now serves as the dirty I/O bit. This scheme is shown in Fig- 
ure 4-7. 



A 32Kx8 SRAM can be used, wherein seven bits are used for 
the tag RAM and one bit is used for the dirty RAM. In this 
case, the TAGWE# signal from FireStar is used to update 
both the tag and dirty information. The OE# of the 32Kx8 
SRAM can be connected to the DIRYTWE# signal from 
FireStar or it can be tied to GND. TAG[7:1] convey the tag 
information and TAGO becomes the dirty I/O bit. In this 
scheme, the amount of main memory that can be cached 
reduces by half as compared to an 8-bit tag implementation. 
This scheme is shown in Figure 4-8. 

A 32Kx8 SRAM can be used to implement the eight tag bits 
and another 32Kx8 SRAM used to implement the single dirty 
I/O bit. This scheme is identical to the 32Kx9 implementation 
and is shown in Figure 4-9. 



Table 4-9 Tag/Dirty RAM Control Register Bits 



7 


6 


5 


4 


3 


2 


1 


0 


SYSCFG 16h Dirty/Tag RAM Control Register Default = AOh 


This bit along 
with bit 5 and 
PCICLK3 strap 
define DIRTY, 
CM D# as 
PCICLK3on the 
CMD# pin, and 
CACS# or 
DIRTY options 
on the CACS# 
Pin (1) 




Tag RAM size 
selection: 

0 = 8-bit 

1 = 7-bit 

(Default) 
Selects CACS# 
for 7-bit and 
DIRTY for 8-bit 

tag (1 > 


Single write hit 
leadoff cycle in 
a combined 
Dirty/Tag imple- 
mentation 

0 = 5 cycles 

1 = 4 cycles 


Pre-snoop 

control: 

0 = Pre-snoop 

for starting 
address 0 
only 

1 = Pre-snoop 

for all 
addresses 
except 
those on the 
line bound- 
ary 








(1 ) ROMCS#:KBDCS# strapped for CMD#: 

Bits 7 & 5 CACS# Pin CMD# Pin 

00 CACS# DIRTY 

01 CACS# DIRTY 

10 DIRTY CMD# 

11 CACS# CMD# 


(1 ) ROMCS#:KBDCS# strapped for PCICLK3: 

Bits 7 & 5 CACS# Pin CMD# Pin 

00 DIRTY PCICLK3 

01 CACS# PCICLK3 

10 DIRTY PCICLK3 

11 CACS# PCICLK3 
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Figure 4-7 32Kx9 Combined Tag/Dirty RAM Implementation 

vcc 

t 




Figure 4-8 32Kx8 Combined Tag/Dirty RAM Implementation 

VCC 

t 




Figure 4-9 32Kx8 and 32Kx8 Combined Tag/Dirty RAM Implementation (Separate Devices) 
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4.5.3. 8 Cache Initialization 

On power-up, the tag RAM will contain random data and the 
L2 cache will contain no valid data. Therefore, the cache 
must be initialized before it is enabled. 

Initializing Procedure 1: The cache is initialized by configur- 
ing the cache controller to the write-through mode. This will 
cause all the cache read miss cycles to fill the cache with 
valid data. This can be done by reading a block of system 
memory that is greater than or equal to the size of the cache. 
Once the cache is initialized, it is always valid. After this is 
done, the L2 cache can be set up for writeback operation by 
initializing the dirty bits. This is done by first enabling the 
cache controller to the writeback mode. Then, by reading a 
block of system memory that is greater than or equal to twice 
the size of the cache, the dirty bits will be cleared and the L2 
cache will be valid. 

Initializing Procedure 2: This procedure uses the cache 
controller in Test Mode 1 and Test Mode 2 as defined in 
SYSCFG 02h[3:2] and 07h[7:0], (Refer to Table 4-10.) 

The upper bits of an address is written to SYSCFG 07h. The 
cache controller is now set to Test Mode 2. Writing a block 
equal to the size of the cache to the system memory will write 
the contents of SYSCFG 07h to the tag. The cache controller 
is now configured in the write-through mode and reading a 
block of system memory equal to the size of the cache will 
make the data in the cache valid. Next, by reading a block of 
system memory which is greater than or equal to twice the 
size of the cache, the dirty bits will be cleared and the L2 
cache will be valid. 



Disabling the Cache: Disabling of a writeback cache cannot 
be done by just turning off SYSCFG 02h[3:2], There may still 
be valid data in the cache that has not been written to the 
system memory. Disabling writeback cache without flushing 
this valid data usually causes a system crash. 

This situation can be avoided by first reading a cacheable 
memory block twice the size of the cache. “Twice the size” of 
the cache is required to make sure every location gets a read 
miss, which will cause a castout cycle if the cache line is dirty. 
The cache can then be disabled. Note: No writes should 
occur during this process. 

4.5. 3.9 Write Back Cache with DMA/ISA Master/PCI 
Master Operation 

The LI and the L2 cache contain the only valid copy (modi- 
fied) of the data. Fi reStar will execute an inquire cycle to the 
LI cache for all master accesses to the system memory area. 
This will increase the bus master cycle time for every access 
to the system memory which will also decrease the bus mas- 
ter performance. FireStar provides the option of a snoop-line 
comparator (snoop filtering) to increase the performance of a 
bus master with the LI cache. 

LI Cache Inquire Cycle: This cycle begins with the CPU 
relinquishing the bus with the assertion of BOFF#. On sam- 
pling HLDA active, FireStar will assert AHOLD. The address 
will flow from the master to the CPU bus and FireStar will 
assert EADS# for one CPUCLK. If the CPU does not respond 
with the assertion of HITM#, FireStar will complete the cycle 
from the L2 cache or the system memory. If HITM# was 
asserted, FireStar will expect a castout cycle from the LI 
cache. 



Table 4-10 


Test Mode Selection/Control Bits 










7 


6 


5 


4 


3 


2 


1 


0 


SYSCFG 02h 






Cache Control Register 1 






Default = OOh 







L2 cache operating mode select: 

00 = Disable 

01 = Test Mode 1 ; External Tag 

Write (Tag data write- 
through SYSCFG 07h) 

1 0 = Test Mode 2; External Tag 

Read (Tag data read from 
SYSCFG 07h) 

11 = Enable L2 cache 








: 








SYSCFG 07h Tag Test Register 

- Data from this register is written to the tag, if in Test Mode 1 (refer to SYSCFG 02h). 

- Data from the tag is read into this register, if in Test Mode 2 (refer to SYSCFG 02h). 




Default = OOh 
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DMA/Master Read Cycle: Table 4-11 shows the action 
taken by FireStar based on the LI and L2 cache status for 
bus master reads from the system memory area. The LI 
cache castout cycle will be completed in the burst order pro- 
vided by the CPU and will be written to the L2 cache or the 
system memory based on the L2 cache status. The required 
bytes are then read back for the completion of the master 
read cycle. A read hit in the LI cache will always invalidate 
the LI cache line. Refer to Figures 4-10 and 4-11. 



DMA/Master Write Cycle: Table 4-12 shows the action 
taken by FireStar based on the LI and L2 cache status for 
bus master writes to the system memory area. A master write 
to the L2 cache will always be in the write-through mode. The 
LI cache castout cycle will be completed in the CPU burst 
sequence and the data will be written to the L2 cache or to 
the system memory based on the L2 cache status. Data from 
the master is always written to the system DRAM memory 
and is written to the L2 cache only if it is a L2 cache hit. Refer 
to Figure 4-12. 



Table 4-11 DMA/Master Read Cycle Summary 



DMA/Master Read 
Cycle 


Data Source 


Type of Cycle 
for LI Cache 


Type of Cycle for L2 
Cache 


Type of Cycle for DRAM 


LI 

Cache 


L2 

Cache 


Hit 


Hit 


L2 Cache 


Invalidate 


Read the Bytes Requested 


No Change 


hitM 


Hit 


LI Cache 


Castout, invalidate 


Write CPU Data, Read 
Back the Bytes Requested 


No Change 


Hit 




DRAM 


Invalidate 


No Change 


Read the Bytes Requested 


hitM 


Miss 


LI Cache 


Castout, invalidate 


No Change 


Write CPU Data, Read 
Back the Bytes Requested 


Miss 


Hit 


L2 Cache 


No Change 


Read the Bytes Requested 


No Change 


Miss 


Miss 


DRAM 


No Change 


No Change 


Read 



Note: hitM - LI cache modified 



Table 4-12 DMA/Master Write Cycle Summary 



DMA/Master Write 
Cycle 


Data 

Destination 


Type of Cycle 
for LI Cache 


Type of Cycle for L2 
Cache 


Type of Cycle for DRAM 


LI 

Cache 


L2 

Cache 


Hit 


Hit 


DRAM, sec 


Invalidate 


Write Master Data 


Write Master Data 


hitM 


Hit 


DRAM, sec 


Castout, Invalidate 


Write CPU Data. Write Mas- 
ter Data 


Write Master Data 


Hit 




DRAM 


Invalidate 


No Change 


Write Master Data 


hitM 


Miss 


DRAM 


Castout, Invalidate 


No Change 


Write CPU Data, Write Mas- 
ter Data 


Miss 


Hit 


DRAM, sec 


No Change 


Write Master Data 


Write Master Data 


Miss 


Miss 


DRAM 


No Change 


No Change 


Write Master Data 
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4.5.4 Shadow ROM and BIOS Cacheability 

When using FireStar, the procedures listed below should be 
followed for proper setup and configuration of shadow RAM 
utilities. 

1 . Enable ROMCS# generation for the segment to be shad- 
owed. Although the FOOOOh-FFFFFh segment defaults to 
ROMCS# generation, the C, D, and EOOOOh ROM seg- 
ments must have ROMCS# generation enabled by set- 
ting the appropriate bits in PCIDV1 4Ah and 4Bh. 

2. Enable ROM contents to be copied into DRAM. To do 
this, the appropriate bits in SYSCFG 04h, 05h, and 06h 
should be set. These bits must be set so that reads from 



these segments will be executed out of ROM but will be 
written to DRAM. 

3. Enable shadow RAM areas to permit DRAM read/write 
accesses. At this point, the ROMCS# generation bits that 
were previously necessary to access the original ROM 
code, must be disabled. 

4. Write protect shadow RAM areas. To do this, the appro- 
priate bits in SYSCFG 04h, 05h, and 06h should be set. 
These bits must be set so that reads from these seg- 
ments will be executed out of DRAM, but writes will be 
directed to the ROM. 
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Cache shadow RAM areas in L2/L1 caches (optional). 
Caching of the individual code segments can be accom- 
plished by setting the appropriate bits in SYSCFG 06h. 
Although write protection control for the L2 cache is pro- 
vided, the LI cache does not have a write protection 
mechanism and the ROM code may be overwritten or 
modified if stored in the LI cache. 



4.5. 4.1 Cacheability and Write Protection 

FireStar allows certain ROM areas to be cacheable. COOOOh- 
C7FFFh, EOOOOh-EFFFFh, and FOOOOh-FFFFFh have sepa- 
rate cache-related controls. 

Table 4-13 highlights the appropriate programming register 
bits. 



Table 4-13 Shadow ROM and BIOS Cacheability / Write Protection Control Bits 



PCIDV1 4Ah 


ROM Chip Select Register 1 


Default = OOh 


ROMCS# for 
F8000h- 
FFFFFh: 

0 = Enable 

1 = Disable 


ROMCS# for 
FOOOOh- 
F7FFFh: 

0 = Enable 

1 = Disable 


ROMCS# for 
E8000h- 
EFFFFh: 

0 = Disable 

1 = Enable 


ROMCS# for 
EOOOOh- 
E7FFFh 

0 = Disable 

1 = Enable 


ROMCS# for 
D8000h- 
DFFFFh: 

0 = Disable 

1 = Enable 


ROMCS# for 
DOOOOh- 
D7FFFh: 

0 = Disable 

1 = Enable 


ROMCS# for 
C8000h- 
CFFFFh: 

0 = Disable 

1 = Enable 


ROMCS# for 
COOOOh- 
C7FFFh: 

0 = Disable 

1 = Enable 


PCIDV1 4Bh 


ROM Chip Select Register 2 


Default = OOh 


ROMCS# for 
FFFF8000h- 
FFFFFFFFh: 

0 = Enable 

1 = Disable 


ROMCS# for 
FFFFOOOOh- 
FFFF7FFFh: 

0 = Enable 

1 = Disable 


ROMCS# for 
FFFE8000h- 
FFFEFFFFh: 

0 = Disable 

1 = Enable 


ROMCS# for 
FFFEOOOOh- 
FFFE7FFFh: 

0 = Disable 

1 = Enable 


ROMCS# for 
FFFD8000h- 
FFFDFFFFh: 

0 = Disable 

1 = Enable 


ROMCS# for 
FFFDOOOOh- 
FFFFD7FFFh: 

0 = Disable 

1 = Enable 


ROMCS# for 
FFFC8000h- 
FFFCFFFFh: 

0 = Disable 

1 = Enable 


ROMCS# for 
FFFCOOOOh- 
FFFC7FFFh: 

0 = Disable 

1 = Enable 


: 


SYSCFG 04h 


Shadow RAM Control Register 1 


Default = OOh 



CCOOOh-CFFFFh 
read/write control: 

00 = Read/write PCI bus 

01 = Read from DRAM/write to 

PCI 

1 0 = Read from PCI/write to 

DRAM 

11 = Read/write DRAM 



C8000h-CBFFFh 
read/write control: 

00 = Read/write PCI bus 

01 = Read from DRAM/write to 

PCI 

1 0 = Read from PCI/write to 

DRAM 

11 = Read/write DRAM 



EOOOOh- 
EFFFFh range 
selection: 
Determines 
whether this 
region will be 
treated like the 
F0000 BIOS 
area or 
whether it will 
always be non- 
cacheable. 

0 = EOOOOh- 

EFFFFh 
area will 
always be 
non-cache- 
able 

1 = EOOOOh- 

EFFFFh 
area will be 
treated like 
the FOOOOh 
BIOS area. 
If this bit is set, 
then SYSCFG 
06h[3:2] and 
[1 :0] Should be 
set identically. 



C0000h-C7FFFh 
read/write control: 

= Read/write PCI bus 
= Read from DRAM/write to 
PCI 

= Read from PCI/write to 
DRAM 

: Read/write DRAM 
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Table 4-13 Shadow ROM and BIOS Cacheability / Write Protection Control Bits (cont.) 



7 6 


5 4 


3 2 


1 0 


SYSCFG 05h Shadow RAM Control Register 2 Default = OOh 


DCOOOh-DFFFFh 
read/write control: 

00 = Read/write PCI bus 

01 = Read from DRAM/write to 

PCI 

1 0 = Read from PCI/write to 

DRAM 

11 = Read.wnte DRAM 


D8000h-DBFFFh 
read/write control: 

00 = Read/write PCI bus 

01 = Read from DRAM/write to 

PCI 

1 0 = Read from PCI/write to 

DRAM 

11 = Read/write DRAM 


D4000h-D7FFFh 
read/write control: 

00 = Read/write PCI bus 

01 = Read from DRAM/write to 

PCI 

1 0 = Read from PCI/write to 

DRAM 

11 = Read/write DRAM 


D0000h-D3FFFh 
read/write control: 

00 = Read/write PCI bus 

01 = Read from DRAM/write to 

PCI 

1 0 = Read from PCI/write to 

DRAM 

11 = Read/write DRAM 



SYSCFG 06h Shadow RAM Control Register 3 Default = OOh 







COOOOh- 

C7FFFh 

cacheability: 

0 = Not 

cacheable 

1 = Cacheable 

in LI and L2 
(LI dis- 
abled by 
SYSCFG 
08h [0]) 


FOOOOh- 

FFFFFh 

cacheability: 

0 = Not 

cacheable 

1 = Cacheable 

in LI and L2 
(LI dis- 
abled by 
SYSCFG 
08h[0]) 


FOOOOh-FFFFFh 
read/write control: 

00 = Read/write PCI bus 

01 = Read from DRAM/write to 

PCI 

1 0 = Read from PCI/write to 

DRAM 

11 = Read/write DRAM 

If SYSCFG 04h[2] = 1 , then the 
EOOOOh-EFFFFh read/write con- 
trol should have the same setting 
as this. 


EOOOOh-EFFFFh 
read/write control: 

00 = Read/write PCI bus 

01 = Read from DRAM/write to 

PCI 

1 0 = Read from PCI/write to 

DRAM 

11 = Read/write DRAM 




SYSCFG OEh PCI Master Burst Control Register 1 Default = OOh 














Write 

protection for 
LI BIOS: 

0 = No 

1 = Yes 





Both system DRAM and shadow RAM are cacheable in both 
the primary (LI) and/or secondary (L2) cache. Of these two 
areas, only the shadow RAM areas (system BIOS, video 
BIOS and DRAM) have the capability of being write-protected 
(Non-shadowed BIOS ROM areas are implicitly write-pro- 
tected). Since the possibility exists that write-protected 
shadow RAM can be cached, there also exists the possibility 
that this data might be modified inside the cache and subse- 
quently executed. To prevent this from occurring, an explicit 
control mechanism must be used that prevents the unex- 
pected from happening. There are three methods for control- 
ling write protection in FireStar. These methods are 
discussed next and summarized in Table 4-14. 

METHOD 1 : In this method, the write protected areas are not 
cached in the LI or the L2 cache. This is implemented by 
driving KEN# high for the first word with BRDY#, which will 
cause the CPU to not cache the data in its LI cache and not 
do burst cycles. Data in the L2 cache is also not updated, so 
all reads and writes to this area will go directly to or from the 



system memory or to/from system BlOS/video BIOS (if they 
are not shadowed). 

METHOD 2: In this method, the write protected areas can be 
cached in the L2 cache but not in the LI cache. This is imple- 
mented by driving KEN# high for the first word with BRDY#, 
which will cause the CPU to not cache the data in the LI 
cache or do a burst cycle. This data can then be stored in the 
L2 cache, but only subsequent read requests by the CPU are 
serviced (discarding all writes), thus effectively write-protect- 
ing the data in the L2 cache. Read miss cycles are serviced 
by first performing a linefill burst from the DRAM into the L2 
cache and then performing a normal non-cacheable (and 
non-burst) cycle to the CPU. In this method, writes to the sys- 
tem memory and to the L2 cache are write protected. 

METHOD 3: This method is implemented by driving EADS# 
high during the read cycle. Data read from write protected 
areas are stored in both the LI and L2 caches. Accesses 
from the CPU that are L2 cache read hits are serviced in 
burst mode and L2 cache read miss cycles are serviced by 
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first performing a linefill burst read to the L2 cache from the 
write protected area and then performing a normal burst 
cycle to the CPU. Write cycles from the CPU to these areas 
are write-through and are discarded by the cache controller 



of the 82C700. However, LI cache writes occur internally 
to the CPU in this mode and are therefore not write pro- 
tected. Table 4-15 shows the register bit (SYSCFG 08h[0]) 
associated with this function. 



Table 4-14 Cacheability Methods 



Method 


System DRAM 


System BIOS 


Video BIOS 


Write Enabled 
Shadow RAM 


Write Protected 
Shadow RAM 


Read 


Write 


Read 


Write 


Read 


Write 


Read 


Write 


Read 


Write 


1 


LI ,L2 


L1.L2 


Single 


None 


Single 


None 


L1.L2 


L1,L2 


Single 


None 


2 


LI ,L2 


L1.L2 


L2 


None 


L2 


None 


L1,L2 


LI ,L2 


L2 


None 


3 


LI ,L2 


L1.L2 


L1,L2 


LI 


L1,L2 


LI 


LI ,L2 


LI ,L2 


LI ,L2 


LI 



Note: LI = accessible to primary cache 

L2 = accessible to secondary cache 
None = no cycle performed (or discard) 
Single = single word (non-burst) cycle 



Table 4-15 SYSCFG 08h[0] 



7 


6 


5 


4 


3 


2 


1 


0 


SYSCFG 08h 






CPU Cache Control Register 






Default = OOh 
















BIOS area 
cacheability in 
LI cache: 
Determines if 
system BIOS 
area EOOOOh- 
FFFFFh (if 
SYSCFG 04h[2] 
= 1 ) or FOOOOh- 
FFFFFh (if 
SYSCFG 04h[2] 
= 0), and video 
BIOS area 
COOOOh- 
C7FFFh is 
cacheable in 
LI or not. 

0 = Cacheable 

1 = Not 

Cacheable 
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4.5.4.2 Remapping of Reset Vector to Shadow DRAM reset generation of address FFFFFFFOh to point to BIOS 

FireStar allows the reset instruction segment to point to shadowed DRAM instead of BIOS in ROM. This feature is 

DRAM instead of ROM if desired. This feature allows the soft enabled through PCIDV1 4Fh[0] as shown in Table 4-16. 

Table 4-16 Reset Vector to Shadow DRAM Register Bit 
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4.5.5 SRAM Support 

FireStar supports many varieties of synchronous SRAMs. 
Table 4-17 shows the signals associated with L2 cache 
SRAM. 

In addition to the standard synchronous SRAMs, FireStar 
supports pipelined synchronous SRAMs as well as the Sony 
Sonic-2WP (cache module). Table 4-23 at the end of this 
section gives an SRAM cycle comparison chart. 



Table 4-17 L2 Cache Signal Set 



Signal Name 


Signal Description 


TAG[7:0] 


Tag Data Lines: TAG0 becomes the 
dirty bit when CACS# is used. 


TAGWE# 


Tag Write Enable Line 


CACS#+ DIRTY 


Cache Chip Select or Dirty: Using 
CACS# save power, but separate DIRTY 
allows 8-bit tag to expand cacheable 
area. 


GWE# 


Global Write Enable: Write command to 
L2 cache indicating that all bytes will be 
written. 


BWE# 


Byte Write Enable: Write command to 
L2 cache indicating that only bytes 
selected by BE[7:0]# will be written. 


ADSC# 


Controller Address Strobe: For a syn- 
chronous L2 cache operation, this pin is 
connected to the ADSC# input of the 
synchronous SRAMs. 


ADV# 


Advance Output: For synchronous 
cache L2 operation, this pin becomes the 
advance output and is connected to the 
ADV# input of the synchronous SRAMs. 


CDOE# 


Cache Output Enable: This signal is 
connected to the output enables of the 
SRAMs of the L2 cache in both banks to 
enable data read. 



4.5.5. 1 SRAM Requirements 

Table 4-18 gives configuration parameters, while Tables 4-19 
and 4-20 outline the read/write cycle lengths and their speed 
requirements. 

4.5.5.2 Pipelined Synchronous SRAM Support 

Pipelined synchronous SRAMs are less expensive than their 
counterpart BiCMOS synchronous SRAMs (standard syn- 
chronous SRAMs). The timing requirement of the ADV# pin 
assertion is different for these SRAMs, and this is enabled by 
setting SYSCFG 1 7h[ 1 ] = 1 (i.e. , enabling pipelined synchro- 
nous SRAM). Table 4-21 lists the registers provided for 
SRAM support. 



Table 4-18 Data SRAM Synchronous 
Configurations - Typical 



Cache Size 


Qty 


Size 


256K Bytes 


2 


32Kx32 


51 2K Bytes 


4 


64Kx1 8 



Table 4-19 SRAM Cycle Lengths 



Speed 


Sync SRAMs 


Standard 


Pipelined Burst* 


Read Burst Cycles 


50MHz 


2-1-1 -1 


2-1 -1-1 
1 -1 -1-1 


60MHz 


3-1-1 -1 


3-1 -1-1 
1 -1 -1-1 


66MHz 


3-1-1 -1 


3-1 -1-1 
1-1-1-1 


Write Burst Cycles 


50MHz 


2-1-1 -1 


2-1 -1-1 
1-1-1-1 


60MHz 


3-1-1 -1 


3-1 -1-1 
1-1-1-1 


66MHz 


3-1-1 -1 


3-1 -1-1 
1-1-1-1 



‘This timing is for a single-bank. Leadoff cycle will be 
increased by one clock for a double-bank solution when it is a 
pipelined cycle due to the turn-around time of two banks and 
to prevent data contention between the banks. 



Table 4-20 Tag and Data SRAM Speed 
Requirements 



Para. 


Description 


50 

MHz 


60 

MHz 


66 

MHz 


Sync SRAM Data 


tCD 


Clock 

Access Time 


12ns (2-1 -1-1)/ 
12ns (3-1 -1-1) 


9ns 


9ns 


SRAM Tag for Sync Cache System 


tAA 


Address 
Access Time 


10ns (2-1 -1-1)/ 
20ns (3-1 -1-1) 


15ns 


12ns 
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Table 4-21 Register Bits Associated with SRAM Support 



SYSCFG 02h 



L2 cache size selection: 



If SYSCFG 
0Fh[0] = 0 

00 = 64KB 

01 = 128KB 

10 = 256KB 

11 = 512KB 



If SYSCFG 
0Fh[0] = 1 

00= 1MB 
01 = Reserved 

1 0 = Reserved 

11 = Reserved 



L2 cache write policy: 

00 = L2 cache write-through 

01 = Adaptive writeback Mode 1 

1 0 = Adaptive writeback Mode 2 

11 = L2 cache writeback 



Cache Control Register 1 



L2 cache operating mode select: 

00 = Disable 

01 = Test Mode 1 ; External Tag 

Write (Tag data write- 
through SYSCFG 07h) 

1 0 = Test Mode 2; External Tag 

Read (Tag data read from 
SYSCFG 07h) 

11 = Enable L2 cache 



Default = 00 h 



DRAM CAS 

posted write: precharge time: 

0 = Disable 0 = 2 CPUCLKs 

1 = Enable 1 = 1 CPUCLK 



SYSCFG 03h 


Cache Control Register 2 


Default = OOh 


Timing for burst writes 
to L2 cache : 

00 = X-4-4-4 1 0 = X-2-2-2 

01 = X-3-3-3 11 = X-1-1-1 


Leadoff cycle time for writes 
to L2 cache : 

00 = 5-X-X-X 1 0 = 3-X-X-X 

01 = 4-X-X-X 11 = 2-X-X-X 


Timing for burst reads 
to L2 cache : 

00 = X-4-4-4 1 0 = X-2-2-2 
01= X-3-3-3 11= X-1-1-1 


Leadoff cycle time for reads 
to L2 cache : 

00 = 5-X-X-X 10 = 3-X-X-X 
01= 4-X-X-X 11= 2-X-X-X 




| 


SYSCFG 04h 


Shadow RAM Control Register 1 


Default = OOh 




Sync SRAM 
pipelined read 
cycle 1-1 -1-1 
enable:* 1 ' 

0 = Implies 

leadoff T- 
state for 
read pipe- 
lined cycle = 
2 ( 2 ) 

1 = Enables 

leadoff T- 
state for 
read pipe- 
lined cycle = 
1 ( 3 ) 



(1) If SYSCFG 03h [3:2] = 11 , then this register setting is valid. 

(2) It will be a 3-1 -1-1 cycle followed by a 2-1 -1-1 cycle, ora 3-1 -1-1 cycle for successive pipelined cycles, based on SYSCFG 1 0h[5], 

(3) It will be a 3-1 -1 -1 cycle followed by a 1 -1 -1 -1 cycle for successive pipelined cycles. SYSCFG 1 0h[5] must be set to 1 . 




SYSCFG OFh 



PCI Master Burst Control Register 2 




Default = OOh 



Cache size 
selection: 
This bit along 
with SYSCFG 
02h[1 :0] 
defines the L2 
cache size. 

0 = < 1 MB 

1 = 1MB 
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Table 4-21 Register Bits Associated with SRAM Support (cont.) 


















